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ABSTRACT 


Plants of red clover, white clover, beets, turnips and perennial ryegrass were 
sprayed with solutions of Na 2.3-dichloroisobutyrate a short time prior to flowering. 

Four to five weeks after treatment with definite dosages a moderate to very high 
degree of male sterility occurred in the first three crops, while no reduction of growth 
or flowering could be established. 

Perennial ryegrass and turnips showed little or no response. Presumably for these 
crops the treatment was applied at too late a stage. 

Observations on fruit set gave the impression that in beet even at a high degree of 
male sterility, there may be little or no influence on female fertility. In red clover the 
selectivity of the gametocide effect was much less manifest. 

Some prospects were discussed concerning the application of chemical induction 
of male sterility for breeding purposes. 


1. INTRODUCTION 


In a fairly large number of bisexual or monoecious crops plants have been found 
which by their specific hereditary constitution produce little or no functional pollen 
whereas their ovular fertility is completely or almost completely unimpaired (VAN DER 
Krey, 4). 

Such male-sterile plants are effective females for a crossing programme; their em- 
ployment makes the laborious procedure of emasculation superfluous. The appli- 
cation of male-sterility may permit the production of hybrid seeds and the commercial 
exploitation of heterosis in crops where emasculation on a large scale is not feasible. 
However, this procedure requires a time-consuming breeding programme when male- 
sterility must be combined with a large number of agronomically desirable characters. 

In recent years several attempts have been made to induce male sterility by treating 
plants with maleic hydrazide, tri-iodobenzoic acid, «-naphthalene acetic acid or 2.4- 
dichlorophenoxiacetic acid (JAIN, 3). ROSSMAN (5) reported some experiments with 
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gibberellins. In some cases encouraging results have been obtained but none of the 
treatments seems to have been successful in practice. 

Quite recently, however, the compound FW-450 of Rohm and Haas Cy, Phila- 
delphia, U.S.A. («,‚ B-dichloroisobutyrate) has been shown to partially prevent pollen 
shedding in cotton (EATON, 2). The highly selective gametocide effect seems to permit 
the commercial production of hybrid cotton (1). 

An easy, cheap and reliable induction of male sterility would allow in several crops 
a more economical production of hybrid seeds. Moreover it would offer new possi- 
bilities for the breeding of crops in which effective hereditary male sterility has not 
yet been discovered. 

Cross-fertilizing plants might offer the most favourable prospects. Therefore some 
tests were carried out in 1959 to determine whether effects similar to those in cotton 
could be obtained in other crops by treatment with FW-450. 


2. MATERIAL AND METHODS 


In May 1959 we received a small quantity of FW-450 from Dr. W. VAN DER ZWEEP, 
Head, Weed Control Department of the Institute for Biological and Chemical Re- 
search on Field Crops and Herbage (1.B.S.), Wageningen.) 

Plants of beets, red and white clover, perennial ryegrass and turnips were treated 
with solutions in water in the months of May, June and July 1959, from some days 
to some weeks prior to flowering. The concentrations varied from 0.5 to 0.9 %, the 
quantities from 0.3 to 2.0 cm? solution per dm? area. The solution was applied by 
means of a spray mounted on a calibrated cylinder. A wetting agent was added in a 
concentration of 0.5 % (Tween 80). All plants were grown in the open. 

After treatment observations were made periodically on the degree of damage of 
leaves and flowers, the dehiscence of anthers and the appearance of pollen. The latter 
was treated with acetocarmine and studied under the microscope. In the beets and 
red clover some data were collected on the fruit set and on the percent germination 
of the seed obtained. 


3. RESULTS 


Male fertility in beets 


The experiments with beets were carried out with annual plants of Beta patula, B. 
Webbiana and the O-type of a male-sterile line of B. vulgaris. The plants were sprayed 
about three weeks prior to flowering. Plants of the first two species were treated with 
0.9, 1.8, 2.7, 5.4 and 8.1 mg FW-450 per dm?, those of the latter species with 1.0, 
2.0, 4.0, 8.0 and 16.0 mg. Each treatment was carried out in duplicate. 

Within a week after treatment the plants that had received more than 4.0 mg per 
dm? showed slight scorch symptoms in old leaves and chlorotic discolorations in young 
leaves. However, no serious damage was observed. 

A first reaction of the flowers was retarded dehiscence of anthers. Both in the treated 
and the untreated plants most flowers opened in the early morning hours. On the 
untreated plants nearly all stamens dehisced before noon. The stamens of the treated 
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plants of all three species often remained closed on the first day. This phenomenon 
was studied more closely in B. vulgaris in the second week of flowering — five weeks 
after the treatment. In the afternoon 50 to 100 newly opened and 50 to 100 one-to-two- 
day-old flowers of four to five large side stalks of all the treated and of some untreated 
plants were examined by means of a magnifying glass. In this way a classification could 
be made as to flowers with closed anthers, and those where all or a few anthers had 
opened. The results are summarized in table 1. 


TABLE 1. INFLUENCE OF DOSAGE ON THE DEHISCENCE OF ANTHERS IN Beta vulgaris 


Treatment Percent flowers with closed anthers 

Conc. mg/dm? Young flowers Old flowers 
0) (0) 4 (0) 
0.2 1 35 19 
0.4 2 43 15 
0.2 4 93 70 
0.8 4 87 70 
0.4 8 90 93 
0.8 16 98 72 


From these data it appears that after treatment with at least 4 mg per dm? the 
anthers of some 90% of the flowers did not dehisce on the first day. In about 70 to 
90 % of the flowers they remained non-dehiscent on the next day. They then had turned 
from yellow to light or dark brown. Many anthers also showed a somewhat different 
colour on the first day, even in the bud. 

The observations on flowers were supplemented with a microscopical examination 
of the contents of the anthers. In the non-treated plants these consisted for some 95 % 
of fairly globular well-filled pollen kernels which could be stained light red by aceto- 
carmine. They had a diameter of about 20 u (fig. 1). Such kernels are called normal 
in the following discussions. In the flowers with non-dehiscent anthers of treated plants 
of B. patula and B. Webbiana at most 15% of such kernels were found. The others 
were only partly filled or entirely empty, could not be stained by acetocarmine (or 
only very slightly) and had a diameter of about 12 u. Mostly all kernels were ab- 
normal (fig. 2). 

In the beginning of flowering and in the then following week a number of flowers 
with dehiscent and with non-dehiscent anthers of Beta vulgaris were examined. The 
data are presented in table 2. 


TABLE 2. PERCENTAGE NORMAL POLLEN IN DEHISCENT AND NON-DEHISCENT ANTHERS OF Beta vulgaris 


Percent good pollen 
Treatment De Ga Anthers Beginning of flowering Second week of flowering 
min. max. | average | min. max. | average 
Non-treated | young dehiscent 90 96 94 85 96 94 
Treated young dehiscent 42 9% 77 3 81 Dj 
non-dehiscent 0 30 10 0 28 8 
Treated old dehiscent — = — 0 18 7 
non-dehiscent — en | 5 0 2, 1 
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The percentages stated in the table are not very accurate: per group only some tens 
of flowers were examined and per flower at most some hundreds of pollen kernels. 
However, the data show clearly that from the anthers that did not dehisce on the day 
of opening of the flowers few or no normal pollen kernels emerged on the following 
days. It may be a question whether such seemingly normal pollen kernels might have 
been able to cause fertilization. 

From the combined examination of anthers and pollen it can be concluded that 
plants treated with a least 4 mg FW-450 per dm? were highly male-sterile during full 
bloom (five weeks after the treatment). Presumably this male sterility was less strongly 
developed at the beginning and at the end of flowering. In various cases on the side 
stalks of the second order higher percentages of flowers with dehiscent stamens were 
found. However, on a few plants which had been treated with a large dose even on 
the smallest side stalks almost exclusively flowers with non-dehiscent anthers were 
found. These plants were almost entirely male-sterile during a large part of the flower- 
ing period. The anthers mostly were pale and waxy and were very similar to those of 
the hereditary male-sterile counterpart of the O-line. The pollen could be liberated 
only after vigorous pressing, it was mostly clustered together and consisted of very 
small, empty and markedly shrivelled kernels. 


Female fertility 


The stand was too dense to be able to determine the total seed production per plant 
at maturity. In order to gain an impression of the effect of the treatment on female 
fertility in B. patula and B. Webbiana 5 branches of the same position and size were 
collected of all the treated and of 5 adjacent non-treated plants. In B. vulgaris those 
branches of which flowering had been observed and noted were harvested. Unfor- 
tunately a comparison of corresponding branches of treated and untreated plants was 
not possible, since the latter through a misunderstanding were harvested in bulk. 

For each plant the seed clusters harvested were classified into two groups, those 
with a diameter greater than 3 mm and those with a smaller diameter. The latter main- 
ly consisted of undeveloped or only partly developed clusters which had been formed 
on the extreme end of the branches. In practice such small clusters are removed with 
threshing and cleaning. They germinated for only O to 36 % (on the average 6 %). The 
percentage large clusters can therefore be used as a standard for fruit set; the number 
of large clusters per dm stalk length was taken as a standard for productivity. 

The seed clusters were rinsed for one hour 3 to 4 weeks after the harvest and then 
placed on moist filter paper in a thermostate. The temperature in this apparatus was 
kept at 20°C by day and at 29°C at night. Germination proceeded very slowly in the 
clusters of both the treated and the control plants. Possibly the inhibitors occurred 
in abnormally high quantities because the clusters were harvested prematurely and 
were not allowed sufficient time to ripen out. 

This explanation is supported by the fact that the germination was most regular 
and most rapid in B. patula of which the clusters at the harvest had most nearly 
approached maturity; it was slowest and most irregular in the seed of B. vulgaris 
which was harvested in a green condition. 

The date obtained on female fertility of the species B. Webbiana and B. patula 
have been summarized in table 3, together with those of informative observations on 
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the damage of the plants and on male sterility. The number of clusters formed per dm 


stalk showed no correlation with the dosages and therefore was not included in the 
table. 


TABLE 3. INFLUENCE OF THE DOSAGE ON THE PLANT AND ON THE MALE AND FEMALE FERTILITY IN 
B. Webbiana AND B. patula 


Treatment Beta Webbiana Beta patula 
Conc. Dosage Plant Pollen Fruit set Plant Pollen Fruit set 
EA P, En 

% mg/dm? eee sry % en damage |_sterility % Bebe 
0.0 0 0 0 79 83 0 0 78 86 
0.3 0.9 0 0 70 75 0 se 76 93 
ae ge 0 t 8 g ie + |71(76)*| 71 (96) 

SE Sie alas 80 95 
0.9 Dl + BI 76 9% + ait: 68 60 
0.6 5.4 zE nisi Ui 91 ze steet le 55 58 
0.9 8.1 ae aleine 59 71 ESE rialen 63 71 


+ veryslight + slight ++ moderate +++ strong 


1 The duplicates were widely different here because the largest clusters of one of the plants had 
already fallen at the harvest. The values of the completely harvested plant have been indicated 
between brackets. 


From the table it is apparent that the treatment has exerted a greater influence on 
the male fertility than on the female. After definite dosages a fairly high degree of 
pollen-sterility was obtained while the growth of the plant, the fruit set and the 
percent germination of the clusters were affected little or not at all. Furthermore the 
data point to a clear difference in sensitivity between the two species, both as concerns 
the gametocide and the herbicide effect. 

The most favourable effect was obtained in B. Webbiana, after a dosage of 5.4 
mg/dm?®. The plants of B. patula gave the most satisfactory result after treatment with 
a solution of 0.3%/ and a dosage of 2.7 mg/per dm? 

The results obtained in plants of B. vulgaris are presented in table 4. Because of the 
large differences between the duplicates the data of each separate plant have been 
mentioned. 

Table 4 shows an irregular picture which is a little difficult to interpret. If we take 
as standards for fruit set of the untreated plants those of table 3, the following con- 
elusion can be drawn. After a dosage of 4 mg/dm? with a solution of 0.2 % a very high 
degree of male sterility was obtained, while the plant was not damaged and the fruit 
set was not reduced. After treatment with a larger dosage or with a higher concen- 
tration the fruit set was somewhat reduced, although it was normal again on one of 
the plants which had been treated with 16.0 mg/dm?. 

The value to be attached to the germination figures is uncertain. Even the samples 
of the untreated plants of B. vulgaris showed a rather slow irregular and poor germi- 
nation. Of each pair of similarly treated plants appearing in table 4 the second plant 
was harvested a week later than the former. In general the percent germination of 
this more mature seed was considerably higher than that of the less mature seed. In a 
few cases it was even higher than that of the samples of the non-treated plants. It 
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TABLE 4. INFLUENCE OF THE TREATMENT ON PLANTS OF B. vulgaris 


Treatment Flowers with 
en Plant non-dehiscent Fruit set Percent 
olen O7 Dosage damage anthers % germination 
/o mg/dm? % 
Contr. O-type 0 76 
Contr. M.S.-type 0 | 73 
0.2 1.0 0 65 75 | 45 
0.2 1.0 0 2 82 85 
0.4 2.0 0 33 76 47 
0.4 2.0 0 5) 70 34 
0.2 4.0 0 98 74 50 
0.2 4.0 0 83 79 62 
0.8 4.0 Zi 80 61 31 
0.8 4.0 zE 92 67 | 82 
0.4 8.0 en I 79 67 | 66 
0.4 8.0 0 100 63 77 
0.8 16.0 ale 99 78 11 
0.8 16.0 + + 98 71 24 


seems justified therefore, to assume that the low germination figures are partly due to 
an insufficient maturity of the seed clusters. However, from the lower lines in tables 
3 and 4 it must be concluded that the heavy treatments tend to be detrimental to the 
germination of the seeds. 


4. RESULTS OBTAINED IN RED CLOVER 


The red clover material consisted of small pot-plants of early flowering Dutch local 
strains which were transplanted in May. Part of them were treated at the beginning 
of the first flowering stage. The rest were cut off and treated shortly before the second 
flowering stage. 

In the first series, concentrations of 0.3 %, 0.6% and 0.9 % were used and dosages 
of 1.5 to 15 mg/dm?. A week after the treatment almost all plants showed scorched 
spots on leaves and buds. Most flower buds were so injured that they did not develop 
further or they formed only small heads with withered flowers. 

In the period between 6 and 8 weeks after treatment new flower heads appeared. 
The plants that had been treated with dosages of 1.5 and 3.0 mg per dm? produced 
a fairly large number of normal heads of which the male fertility was disturbed little 
or not at all. The dosage of 4.5 mg per dm* resulted in a slight reduction in the number 
of heads but in a great reduction of the pollen fertility. A large number of anthers did 
not dehisce and some 50% of the pollen was clearly abnormal. In plants that had 
received higher dosages the percentage of normal pollen kernels was reduced to 30 % 
but these plants flowered only sparsely. 

The treatment of the second cutting was accomplished partly with weaker concen- 
trations and weaker dosages. During full bloom — a month after spraying — the number 
of heads per plant was counted; a given number of them were labelled. The stamens 
of some 5 flowers per head were examined; at maturity the number of seeds produced 
per head and the percent germination were determined. The results of these determi- 
nations are summarized in table 5. 
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The percentages mentioned in column 4 apply to flowers of which none of the 
anthers dehisced; of an approximately equally high percentage of flowers only part 
of the anthers dehisced. 


TABLE 5. INFLUENCE OF THE TREATMENT ON RED CLOVER 
Dn MENEREN SED Pieve WO Ae HS on Heee 


Treatment Average Percent oer 
number of INES Percent normal Number of Percent 
Cone. % Rete en heee pollen seeds per head germination 
TE rl Ne 
0 0 28.5 0 95 57 94 
0.05 0.25 20.0 0 94 75 98 
0.1 0.50 43.0 27 59 Si 91 
0.05 1.00 42.0 18 74 40 89 
0.2 1.00 29.5 26 55 2 91 
0.1 2.00 36.0 33 39 2D 81 
0.4 2.00 8.5 46 33 36 80 
0.2 4.00 3:0 (75) — = = 
0.8 4.00 11.0 (42) * — — = 
0.4 8.00 1.5 (67) ! — = = 
0.8 16.00 15 — — = — 


1 Less than 20 flowers examined. 


The data mentioned in this table only have an informative value. Each treatment 
was carried out with only two plants; at most 5 or 6 heads per plant and only about 
5 flowers per head were examined. Sometimes flowers occurred in one and the same 
head with 95 % and with 10 or 0% normal pollen. In some flowers even both dehiscent 
and non-dehiscent anthers were found, with preponderantly good pollen and exclusi- 
vely or preponderantly poor pollen respectively. Accurate determination of the per- 
centage good pollen per plant or per head would therefore have been extremely time- 
consuming. 

From table 5 it follows that concentrations of 0.05 to 0.2% and dosages of 0.5 to 
2.0 mg per dm? induced a clear reduction of the male fertility, whereas no reduction 
in the number of heads could be established. After the most extreme of these treat- 
ments the reduction of male fertility was accompanied by a clearly reduced female 
fertility, indicated by the number of seeds per head. 

If a practical application is possible this study shows that concentrations of approx. 
0.05 and 0.1 % and dosages of approx. 0.5 and 1.0 mg/dm? should be tried. Such treat- 
ments however are not likely to induce a high degree of male sterility, unless an im- 
portant part of the outwardly normal pollen grains might be functionally abnormal. 
This will have to be investigated by pollination experiments. 


5. RESULTS IN OTHER CROPS 


The results of the experiments with white clover, turnips and perennial ryegrass will 
be recorded only summarily because they do not permit any clear conclusions. In 
white clover a treatment of 1.0 mg per dm? in a concentration of 0.2% gave a very 
high degree of male sterility, without damage to leaves or buds. During full bloom, 
in the fourth week after treatment, all anthers remained closed in 85 % of the flowers. 
However, the influence on female fertility could not be established. 
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Turnips were treated shortly before or during the beginning of flowering. Not until 
the end of the flowering period, in the fourth week after treatment, were some non- 
dehiscent stamens with abnormal pollen grains found in some of the flowers. The 
highest percentage of flowers with aberrant stamens in this period was 35%. This 
occurred after the highest dosage and was accompanied with a reduced fruit set. 

The plants of perennial ryegrass were treated shortly before or during the beginning 
of ear emergence. In the fourth week the plants came into flower, and in the fifth week 
observations were made. No non-dehiscent stamens or abnormal pollen kernels were 
found. 


6. DISCUSSION 


From the results of the experiments described above it is apparent that 4 to 5 weeks 
after spraying with definite quantities of FW-450, plants of red clover, white clover 
and beet developed a moderate to very high degree of male sterility, while flowering 
was not clearly influenced unfavourably. 

According to our provisional results a high degree of this male sterility in beets is 
not necessarily accompanied by a reduced female fertility or a reduction in the percent 
germination of the seeds. In principle this might offer the possibility of utilizing 
induced male sterility in breeding heterosis varieties, either as a temporary aid in the 
initial stages of the breeding programme, or as a permanent cultural measure for the 
production of hybrid seed. Even if the method might not be 100% effective, it could 
enable the breeder to produce in an economical way sufficient quantities of hybrid 
seed to test the value of large numbers of hybrid populations on a commercial scale. 
The most promising combinations could be stabilized later on by introducing a plas- 
matic factor for male sterility in one or more lines. 

As a permanent measure the treatment could be used to support insufficiently stable 
forms of male sterility to prevent their break-down. However, the greatest prospects 
will be opened when a technique can be developed that guarantees an efficient male 
sterility without involving risks in the seed production. The production of hybrids 
and of triploids could be greatly improved in this way. 

To ascertain how far the above-mentioned possibilities can be realized, more exten- 
sive investigations have to be conducted. The presence in beet clusters of several germs 
derived from flowers that bloomed at different days alone makes this necessary. 
Through observation of the flowers a reliable impression of the male and female fer- 
tility is obtained only when all flowers of a cluster are examined on these characters. 
Such investigations will be extremely difficult and time-consuming. Ultimately the 
main point is what percentage of seedlings from seed clusters of treated plants origi- 
nated from crosses with untreated plants. This percentage can be established by planting 
rows of plants containing anthocyanin between rows of anthocyanin-free individuals 
and only treating the latter. After sowing the resulting seed clusters it can be ascertained 
whether the percentage of desired hybrids is sufficiently high for practical application. 

In this way it can be established also whether a distribution of the dosages over 
more treatments is desirable for the maintenance of a sufficiently high degree of male 
sterility during a longer period. Finally the influence of the treatment on the seed 
production should be studied more closely. 
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Fig. 2. POLLEN GRAINS OF TREATED PLANTS OF Beta vulgaris; DIAMETER 12 u 
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The prospects for practical application are far less favourable in red clover, since 
the selectivity of the gametocide effect seems to be much less pronounced in this case. 
It is difficult to predict how far white clover offers better prospects. 

The plants of perennial ryegrass and turnips were presumably sprayed too late, 
JAIN (3), in an attempt to induce male sterility in wheat by means of maleine hydrazide, 
obtained the most favourable effect in treating the plants in the early tillering stages. 
Perennial ryegrass was not treated before the beginning of ear emergence. The possi- 
bility is therefore not excluded that application of FW-450 in an earlier stage will be 
successful in perennial ryegrass. The same holds for turnips. 

Treatment with FW-450 apparently can lead to degeneration of pollen kernels in 
plants of widely different families. The dosage required and the quantity which can 
be tolerated without damage to female fertility seem to vary greatly from species to 
species. 

Presumably also the developmental stage and the weather conditions will have 
some influence. 


SAMENVATTING 


Chemische inductie van mannelijke steriliteit, een nieuwe methode 
in de plantenveredeling ? 


Planten van rode klaver, witte klaver, bieten, stoppelknollen en Engels raaigras 
werden korte tijd voor de bloei bespoten met oplossingen van Na 2.3-dichlooriso- 
butyraat. 

Vier à vijf weken na de behandeling met bepaalde doseringen trad bij de drie eerst- 
genoemde gewassen een matige tot een zeer sterke graad van mannelijke steriliteit op, 
zonder dat vermindering van de groei of van de bloei viel te constateren. 

Engels raaigras en stoppelknollen vertoonden geen of slechts een zwakke reactie. 
Waarschijnlijk werd hier echter de behandeling in een te laat stadium uitgevoerd. 

Oriënterende waarnemingen over de vruchtzetting gaven de indruk dat bij bieten 
zelfs bij een hoge graad van mannelijke steriliteit de vrouwelijke fertiliteit weinig of 
niet werd beïnvloed. Bij rode klaver kwam de selectiviteit van de gametocide werking 
veel minder tot uitdrukking. 

Enkele perspectieven die de toepassing van chemische inductie van mannelijke steri- 
liteit voor de veredeling zou kunnen bieden, werden besproken. 
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„ABSTRACT 


Annual flowering in Brussels sprouts, originally found in one plant in 1953, is 
dominant over biennial flowering and the difference is monogenic. Deviations from 
expectations may be the effect of potentially annual plants which do not come to 
flower owing to a very late time of flowering. 


INTRODUCTION 


Brussels sprouts, Brassica oleracea gemmifera, is a typical biennial plant. When 
sown in spring, it grows vegetatively during its first growing-season, and when grown 
as a vegetable the sprouts are yielded at the end of this season. STOKES and VERKERK 
(2) demonstrated that it needs a period of low temperature for initiation of flower- 
buds. However, this does not seem to present a case of true vernalization, since VER- 
KERK (3) found that the optimum temperature for the formation of flower-buds is 
indeed relatively low, but that the action of this temperature is direct: flowers are 
formed during the low temperature treatment. 

Under natural conditions the low winter temperatures induce flower-buds and 
flowering follows in the second year. It is easy to grow Brussels sprouts into seed 
during its first year by applying artificial cold, taking into account that the plant 
possesses a juvenile phase of about three months, during which it does not react yet 
to low temperature (2). Under natural conditions it is extremely exceptional that 
annual plants occur. Therefore, when in 1953 I found such a plant in a field of Brussels 
sprouts, sown that year, it was thought worth while to investigate its genetics. Through 
the courtesy of Ir. W. A, WieBoscH I obtained seeds which must have arisen from self- 
fertilization, since they originated from the only flowering plant in a large field. 

In 1954 Dr. J. A. D. ZEEVAART studied the progeny of the annual plant and found 
most plants flowering in their first year, however with considerable differences in 
time of flowering. Also, the first crosses with the biennial cultivar ‘Kolom’ were made. 
The F, and F, of these crosses hinted at dominance of annual and monogenic dif- 
ference between annual and biennial, but always with a smaller or larger deficiency 
of annuals. This deficiency is ascribed to the occurrence of potentially annual plants 
with such a late time of flowering that flowering was not realized in the first year. 

When I continued the investigations myself in 1957, the selection of a uniformly 
early flowering annual line, already started by ZEEVAART, was completed and with 
this line new crosses were made, the results of which will be discussed in detail. 


EXPERIMENTAL RESULTS 


In order to make a comparison possible under one set of environmental conditions, 
in 1959 the annual lines, F‚’s, Fy’s and backcrosses were grown side by side. 
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Out of 24 plants of the biennial line none has flowered, while all the plants of 3 
annual lines flowered early with 43, 93 and 58 plants respectively. This demonstrates 
that the annual lines were pure. 

The F, of annual x biennial had 93 plants, out of which 77 or 83% have flowered. 
The reciprocal F, had 94 plants, out of which 90 or 96% have flowered. The average 
7 of flowering plants is 89 %. This points to dominance of annual, however not com- 
pletely, especially not in the first mentioned cross. It is suggested that the biennial 
parent is not homozygous for early flowering and that this explains the deficiency of 
flowering F‚-plants. Some potential annuals have such a late time of flowering that 
it is not realized under natural circumstances in the first year. This late flowering then 
is genetically induced by the biennial parent. This viewpoint is confirmed by the much 
later average date of flowering of the F‚’s than of the annual parent. Expressed in 
average number of days after the 30th of June, the annual parental plants flowered 
after 5 days, the F‚’s after 54 days! 

Three F‚’'s of annual X biennial were available, which gave very similar results, so 
that it will do in totalizing the results. Out of 434 plants the ratio of flowering to non 
flowering — or annual to biennial — plants was 327 : 107, expected as (326) : (108) 
according to 3 : 1. This clearly points to monogenic segregation. 

A backcross of F‚ Xx annual consisted of 196 plants, out of which 192 or 98 %/ have 
flowered. This approaches the expected 100% satisfactorily. 

Two backcrosses of F,‚ xX biennial gave deviating results. In one case out of 90 
plants 46 or 51 % have flowered and this is in harmony with the expected 50%. In the 
other case out of 61 plants only 20 or 33% have flowered. Mathematically the deviation 
is not alarming yet. Again it is suggested that a number of potentially annual but late 
flowering plants, genetically induced by the biennial parent, have not reached the 
flowering stage. And also in this case, the average number of days to flowering after 
the 30th of June confirms this suggestion: it is 48 in the first backcross, no less than 
100 in the second one. 

Summation of the results of both backcrosses gives 43% of flowering plants and 
this would be satisfactory enough. 


DISCUSSION 


The experimental results allow for the conclusions that annual is dominant over 
biennial and that the difference is monogenic. If deviations from expectations oc- 
curred, they always consisted of a deficiency of annuals and these can readily be ex- 
plained by a non-flowering of potentially annuals due to a genetically very late flower- 
ing, induced by the biennial parent. This parent could of course not be selected for 
early flowering in the first year and it is therefore quite possible that it is heterozygous 
for time of flowering. 

The above conclusion, together with the fact that all plants in all crosses were typical 
Brussels sprouts, rejects the supposition that the original annual plant was a cross of 
Brussels sprouts and cauliflower, as was suggested by some practical growers. 

According to BosweLL (1, pp. 170-171) the place of origin of Brussels sprouts is 
the Mediterranean Region, while it dates from the late middle ages. BOSWELL states 
about the way of origin only that it was developed from “wild cabbage”. Since in 
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most, if not in all cases, the phylogenetically older characteristics are dominant, the 
original “wild cabbage”’ probably has been annual and the biennial type has developed 
by a simple point mutation. This is interesting, because only the biennial type is 
valuable as a vegetable. The same holds true for other biennial crop plants, like Beta, 
other Brassica’s, Daucus, and others. 

The origin of the original annual plant remains obscure. A back-mutation from 
recessive to dominant is the only possible explanation which presents itself, but there 
are no clear facts which would support this viewpoint. 


SAMENVATTING 
Eénjarige spruitkool 


In 1953 werd één spruitkoolplant gevonden, die in het jaar van uitzaaien bloeide. 
Op grond van de resultaten met F‚’s en F‚’s van kruisingen tussen éénjarig en twee- 
jarig en terugkruisingen wordt geconcludeerd tot dominantie van éénjarigheid en tot 
een monogeen verschil. Afwijkingen van verwachtingen betreffen steeds een tekort 
aan éénjarigen en worden toegeschreven aan het niet tot bloei komen van potentiële 
éénjarigen door een zeer late bloeitijd, welke genetisch geïnduceerd wordt door de 
tweejarige ouder, die niet op vroege bloei in het eerste jaar kan worden geselecteerd. 
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ABSTRACT 


The writer gives his impressions of the Second Eucarpia Congress held at Cologne, 
from July 6-8th 1959. After the congress various excursions were made to important 
institutes and breeding establishments in various parts of the Federal Republic. 


INTRODUCTION 


The Second Eucarpia Congress and general assembly of members was held at 
Cologne from 6th-8th July 1959. The very warm summer weather had not withheld 
the 218 participants from 20 countries to come to the old dome-town in order to 
attend the lectures, partake in the discussions and join the excursions. 

It stands to reason that Germany was best represented (83), then followed the 
Netherlands (37) and France (23). 


All meetings were held in the building of the Chamber of Industry and Commerce; 
the plenary session in the so-called Börsensaal, the meetings of the sections in various 
smaller rooms. The official languages were French, German and English. At the plenary 
sessions simultaneous translations were given via microphones. 

The Board had destined one day for meetings of the sections, while the last day 
(Wednesday, 8th July) had been reserved for some general lectures. 

In the morning of the second day (7th July) the Max-Planck-Institut für Züchtungs- 
forschung at Köln-Vogelsang was visited; in the afternoon, after an address of wel- 
come by the Federal Minister of Agriculture, Dr. LüBkE (now Federal President), 
and lectures by Dr. JULÉN and Dr. Wuvyre of F.A.O., the General Assembly of Mem- 
bers was held. 


Monday, July óth 


The President, Prof. Dr. J. C. DoRsT, opened the Congress with a short address of 
welcome. 

Then the participants went to attend the lectures in their respective sections. It may 
be useful to state that Eucarpia now comprises 9 sections, viz. 4 general sections: wild 
and primitive forms, mutations and polyploidy, physiology, methods and techniques, 
and 5 crop sections: cereals, potatoes, fodder crops, horticultural crops and maize. 

In all sections part of the time was made available for discussions on internal affairs 
and part for lectures on special subjects. In some sections the lectures were held in 
the morning and the discussions in the afternoon; in other sections the reverse was 
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done so that participants who were interested in more than one subject were enabled 
to attend the lectures in various sections. 

As it was impossible for one person to cover all the sections, 1 have supplemented 
my own impressions with those of some colleagues. 


In the section Cereals particularly the lectures by SANCHEZ-MONGE (Spain) and 
ZADOKS (Netherlands) must be mentioned. 

Dr. SANCHEZ MONGE lectured on problems in cereal breeding in Spain and pointed 
out that for non-irrigable areas breeding for drought-resistance is of paramount 
importance. The best results have been obtained with selections from the local varie- 
ties which show a wide diversity of forms. In irrigable areas the local varieties have 
been superseded by cultivated varieties developed in Spain and also by Italian va- 
rieties. 

Mr. ZADOKS held a very clear and convenient talk about the formation of physio- 
logic races in parasites and entered into details in regard to its consequences for wheat 
breeding. 

In the section Wild and Primitive Forms Prof. H. Kuckuck (Germany) gave an 
interesting lecture on spelt-forms from Iran. When crossed with European spelts they 
produce an offspring with naked kernels and compactum ear-type. He assumes these 
differences to be caused by disparities in chromosome structure of Iran spelts in 
comparison with European spelts. 

Prof. C. Juccr (Italy) lectured on “wild plants and the influence of man on biological 
balance”. The speaker emphasized the risks involved in reducing the wealth of our 
wild flora especially in consequence of the use of herbicides, insecticides and other 
human inventions. 

Dr. R. A. NirAN (U.S.A), in the section Mutations and Polyploidy gave a clear 
lecture on the research on mutation by irradiation carried out in the U.S.A. 

The principal aims are: 


|L. Enhancement of the total number of mutations. 

2. Shift of the ratio point-mutations to chromosome-aberrations in favour of the 
former. 

3. Change of the mutation-spectrum. 


Results have been obtained in as far as point l and 2 are concerned by definite 
environmental conditions (moisture, oxigen content, temperature, etc.). Increasing 
attention is paid to pollen irradiation. 


In the section Physiology a lecture by Prof. O. POJAKALLIO (Finland) on ““Acute 
starvation of plant tissues” deserves mention. It was an attempt to explain why grasses 
which had been hardened in autumn and winter immediately started growing rapidly 
when transferred to a heated glasshouse, but died after two to three weeks. The cause 
seems to be the fact that the plants use up their reserve food at a rapid rate. 


In the section Potatoes a lecture by Dr. HUISMAN (Netherlands) roused much at- 
tention. He talked about new developments in breeding for resistance against Hetero- 
dera rostochiensis. 
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Dr. HurIN (France) in the section Fodder Crops lectured on breeding for improve- 
ment of yield. 


The sections Methods and Techniques and Maize only discussed internal affairs. 


Tuesday July 7th. 


On the second day a visit was paid to the “Max-Planck-Institut für Züchtungs- 
forschung”” which has been moved to a new building in the autumn of 1955. The 
visitors, as their personal interest might be, could join one of the groups. 

To the group visiting the wheat and barley trial fields the excursion leader, Dr. F. 
WIENHUEs, explained and demonstrated his breeding system after which an animated 
discussion followed. An impressive collection of wheat-Agropyron and wheat-rye 
hybrids and their backcrosses was demonstrated by Mrs. WIENHUES who for several 
years has been working on this subject. Finally Mr. J. E. GiEssSEN demonstrated a 
comprehensive collection of local and primitive varieties maintained as source ma- 
terial. 

The members of an other group visiting the Institute buildings were greatly im- 
pressed by the well equipped laboratories and greenhouses, the cytogenetic section, 
for instance, having a complete irradiation aparatus at its disposal. 


In the afternoon a general assembly of members was held with Prof. Dors in the 
chair. In his address of welcome he recalled to memory and reported the merits of 
Dr. KURT VON RÜMKER, a pioneer and promotor of scientific research in plant 
breeding. 

The Minister of Agriculture, Dr. H. C. LüBke, in his address pointed to the im- 
portance of a better distribution of agricultural produce so that in the future one 
country need not to live on the brink of starvation whereas an other suffers from over- 
production. Here is a task for plant breeders. Adaptation to mechanization of the 
harvest, enhancement of quality, reliability and resistance against diseases, pests and 
adverse conditions are of the utmost importance. 


Then the F.A.O.-officials Dr. JULÉN and Dr. Wayre read lectures on “The World 
Seed Campaign” and “Plant Introduction” respectively. The latter particularly was 
profoundly appreciated. 


As concerns the organization it should be mentioned here that within the frame of 
periodical mutations in the Board Prof. RUDORF was appointed President, while Dr. 
BUSTARRET was chosen as first Vice-president. Two vacant places on the Board were 
filled. It is a matter of general satisfaction that now England is also represented on the 
Board. 

The third congress will be held in France in 1962. 


Wednesday, July 8th. 


Prof. RuDorrF (Germany) gave a review of plant breeding in the German Federal 
Republic. Dr. A. C. HAGBERG (Sweden) lectured on mutation research and gave an 
impression of the complicated nature of this subject and of the many ways in which, 
for instance, erectoides-mutants in barley can be produced. 
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Dr. CAUDERON (France) talked about a system of reciprocal selection in maize, 
an essential refinement of the investigations aiming at improving combining ability 
which can be useful particularly in the more advanced stages of the breeding work. 
Prof. D'AMATO (Italy) delivered a lecture on the cytogenetic influence of mutagens. 

Prof. STRAUB (Germany) gave a report on the recent conceptions of the structure 
and effect of self-sterility genes. 


As counterpart to the “business” our German hosts had also arranged for enter- 
tainment. Thoroughly appreciated by all participants was the reception in the old 
“Gürzenich’” whereby the Lord Mayor THEO BURAUEN and Prof. Dr. W. RUDORF 
acted as hosts. 

In the evening of the last congress-day the participants forgot the oppressive heat 
in beholding the Inca art treasure exhibited in the Museum of Ethnology and listening 
to the expert explanation. 

As a follow up to the congress arrangements had been made for 4 tours (three 
covering 3-4 days, and one short trip), to important Institutes and breeding establish- 
ments in various parts of the Federal Republic. 


SAMENVATTING 
Het 2e Eucarpia congres te Keulen (6-8 juli 1959) 


Schrijver geeft zijn indrukken van het 2e Eucarpia congres te Keulen (6-8 juli, 
1959). Na afloop van het congres werden verschillende excursies gehouden naar be- 
langrijke instituten en kweekbedrijven in de verschillende delen van de Bondsrepu- 
bliek. 
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BIOMETRICAL CHARACTERS AND SELECTION 
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ABSTRACT 


A biometrical investigation has been made of the behaviour and inter-relations of 
the more important quantitative characters in selfed, sibbed and backcrossed families 
of raspberries (Rubus idaeus L.). Plant characters analysed were height, vigour, spine 
intensity, mildew susceptibility and vegetative bud break; inbreeding depression 
particularly affects height and mildew susceptibility. Flowering and fruiting character- 
istics included flowering ability, fruit colour, first-year fruiting ability, time of ripening 
and maturity rate. Some families segregated for double bearing. 

Fruit qualities, including size, shape and texture, were assessed: heterosis may in- 
fluence size, but large fruited inbreds are obtainable. The conical shape may be as- 
sociated with advantageous fruit qualities. Texture depends partly on ability of drupe- 
lets to adhere and not to collapse under slight pressure; these two qualities are not 
necessarily correlated. There are no correlations between fruit size, or plug shape, with 
ease of picking. 

Flavour was assigned organoleptically to five classes. Backcrossing to a quality 
flavoured clone increased the frequency of good flavoured seedlings and reduced 
that of acidy types, but segregations for all classes occurred in sibs, selfs and back- 
crosses. Taste trials showed that people are generally agreed on the flavour they least 
like, but are unreliable in their preference. Commercial raspberry improvement should 
therefore be in the hands of several independent breeders. 

Thirty-six seedlings with the best “all-round” biometrical assessments, out of a 
total population of 841, were tested for yield over two years; two died in the first 
winter. Twenty-one seedlings had higher yields, four had the same and nine had less 
than their controls. Hence such an assessment is of value in assorting out the potent- 
ially higher yielders from the bulk of a breeding population. 


INTRODUCTION 


Red and black raspberries belong to the small group of cultivated plants remaining 
diploid during domestication, and the /daeobatus section of Rubus is one of the few 
groups of the Rosaceae where polyploidy has not been important in nature and during 
domestication. The summer fruiting varieties are 2n — 14, and there are a few un- 
important triploid and tetraploid varieties, usually autumn. fruiting. Domesticated 
raspberries include European red (R. idaeus), American red (R. strigosus), and Ame- 
rican black (R. occidentalis); these are inter-fertile. DARROW (1920) has discussed 
the role of R. idaeus and R. strigosus in the origin of American cultivated varieties; 
the differences between cultivated European raspberries are thought to have arisen 
through gene differences or by mutations within R. idaeus. 
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Raspberries may be almost wholly out-crossing (CRANE, 1948), and react strongly 
to self-pollination by showing inbreeding depression (JONES & SINGLETON, 1940). 
Cultivated raspberries are clonally propagated, this system perhaps originating from 
attempts to maintain the hybrid vigour of choice seedlings. The raspberry presents, 
therefore, relatively primitive features for a cultivated plant in being diploid and out- 
crossing, and by not grossly differing from strains wild in Europe (HASKELL, 1960). 
A more detailed study of raspberry progenies may help one to understand why it has 
remained primitive, in contrast to most cultivated plants which have become poly- 
ploid, with or without species-hybridization, during domestication. 

Most economic qualities of cultivated raspberries relate to the vegetative and fruit- 
ing behaviour, and are quantitative. A biometrical investigation has been made, 
therefore, of the behaviour and inter-relations of the more important characters on 
841 plants in nine families of Rubus idaeus, including selfs, sibs and backcrosses, and 
it is hoped that these studies in variation will be of use to breeders. GRUBB and Woop 
(1954) have already described many of these characters in modern raspberry breeding. 


MATERIALS AND METHODS 


Hybridizations were originally made between Park Lane and the selected seedlings 
S102, 4, ® and S16, from earlier crosses of Burnetholm with Lloyd George. Park Lane 
is an old garden variety considerably degenerated through virus, but was used in 
breeding especially for its very good flavour (cf. Woop, 1952). For the next generation, 
cross-pollinations were made in the field using emasculated flowers on inflorescences 
bagged for protection from bees, the technique being similar to that of DARROW 
(1937); the selfings were made with a camel’s hair paint brush. All pollinations were 
fertile. Ripe fruits were harvested, pulped and dried, and the seeds extracted and sown 
immediately in boxes, later brought into the glasshouse after wintering in cold frames. 
100 seedlings were pricked out soon after germination and field planted at the end of 
May. The rows were 6 ft. apart, and plants spaced 2 ft. apart within rows. Each plant 
was tied to a cane‚ and additional support provided by two wires stretched along the 
rows, at 2 ft. and 4 ft. from the ground. The plants were tipped in the autumn. Data 
were taken on all plants of Families 50 to 61, whose pedigrees are given in table 1. 


TABLE |. PEDIGREES OF RED RASPBERRY (R. idaeus) FAMILIES 


Parental seedling Ne. ofte 
Fam. No. Type Parentage originally crossed hand ë â 

with Park Lane BA SAAN 

50 Ist generation self | 13° S 10° 99 

51 sib WEES S 10° 99 

52 Ist generation self | 13% 134 S 10? 92 

53 sib Eerens S 10° 99 

54 Ist generation self | 13!s S 10° 84 

55 Ist generation self | 15% 15 —S 10 9% 

59 Ist generation self | 16% S 10° 75 

60 Backcross 16% x Park Lane 16 \s 109 100 

61 Backcross 18 x Park Lane 18 —S 16 100 


S 10°, *, ® and S 16 were various selections from an original cross of Burnetholm x Lloyd George. 
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SEEDLING MORTALITY 


Some seedlings died during the first year of field planting. The sibbed and back- 
erossed families had only one seedling dead in 400 plants, whereas the selfed progenies 
had 18 out of 465 plants (3.9 %). The selfed families varied in the proportion of dead 
seedlings, ranging from 10.5% in Fam. 54 to none in Fam. 52. Seedling mortality 
within a family may therefore reflect the general plant vigour, with sibbed and back- 
crossed families having less. 


BIOMETRICAL PLANT CHARACTERS 


Height 


Plant heights on current year's growth were measured from soil level to the top 
leaves on 12 June. Some families were not measured till 19 June through inclement 
weather; as a sample of the earlier measured families had grown an average four 
inches, this was deducted from measurements on 19 June. The results are given as 
histograms (fig. la), each representing percentage number of plants in height groups 
1-10, 11-20 inches, etc. 

The sibbed Families 51 and 53 have most plants in the 31-40 group, in contrast 
to other families. Most plants occur in the 21-30 group in selfed and backcrossed 
families. The mean heights of the sib families averaged 30.2 ins, the inbreds 23.7 ins. 
and the backcrosses 25.4 ins. Thus inbreeding once has, on the average, reduced the 
heights of selfs by a fifth compared with their sibs. 

The backcrosses have normal curves of variation, with sharp peaks at 21-30 ins. 
and with few plants in extreme categories, whereas three of the five selfed families 
have plants in the 1-10 group, a reflection of inbreeding depression. Inbred Fam. 52 
has more limited segregation, and may be compared directly with Fam. 53, where 
the same maternal parent 13% had been outerossed with 132, with neither family con- 
taining many short plants. Seedling 13° appears to have had better combining ability, 
and was better able to “hold out” during inbreeding than other parents. 

The progeny from selfing the black raspberry Cumberland (R. occidentalis) is not 
significantly shorter than that from hybridisation with a red raspberry (R. idaeus). 
Yet the progeny from selfing this red raspberry is significantly shorter than the F, 
and shows considerable inbreeding depression (table 2). This confirms that black 
raspberries may be safely raised from seed without loss of vigour, although there is 
some release of variation (JONES and SINGLETON, 1940). The heights of two F, purple 
families are consistently more uniform than selfed families of either black or red, as 
measured by the coefficient of variation (C). This reduced variation or homeostatic 
balance may have practical interest for raising uniform species hybrid raspberries 
from seed. 


Vigour 

This is difficult to measure practically and accurately. Cane production is important 
but not necessarily an estimate of vigour, as canes may be numerous yet thin and 
weak, such plants being unsuitable for breeding. Vigour was eventually assessed 
visually on 25 June from general appearance, with an arbitrary rating of 1to 5 (table 3). 
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FIG. 1. FREQUENCY DISTRIBUTIONS FOR FIVE % [re 2, een. ES 
QUANTITATIVE CHARACTERS IN 2 SIBBED, 
5 SELFED AND 2 BACKCROSSED RASP- 
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TABLE 2. HEIGHTS OF BLACK (R. occidentalis) AND RED (R. idaeus) SELFED RASPBERRIES AND THEIR 
PURPLE HYBRIDS 


Date 


measured Pedigree Species Mean height C 


Plant age 


Ist year 29 Sept. \ Cumberland selfed |_R. occidentalis 34.0 + 14.3 0.42 
Cumberland xS9 | R. occidentalis X R. idaeus 427 + 5.5 0.13 
S 9 selfed R. idaeus 21.2 + 9.8 0.46 
2nd year | 26 June | Cumberland selfed | R. occidentalis 44.5 + 7.7 0.17 
Cumberland xS18 | R. occidentalis x R. idaeus 53.8 + 6.4 0.12 


N.B. Pollen of R. occidentalis fails on R. idaeus styles. 


Each plant was scored independently by two recorders, and only rarely was there 
an assessment difference greater than 1. Sample correlations between recorders were 
of the order r —= +0.8, and highly significant. The means of both were then used to 
produce the histograms (fig. 1b), where ratings of 1 and 1.5, 2 and 2.5 etc. were pooled. 
Dead plants (Group 0) are not included. Group 5 consists only of plants top-graded 
by both observers, and with those in Group 4 would be eventually selected for further 
testing, providing other characters, such as fruit quality, are satisfactory. 

The two sib families are the only ones with most plants in Group 4. The two back- 
crosses and all but one of the selfs have most plants in Group 3, with Fam. 55 having 
most in Group 2. All families include some plants in Group 5, except the two selfed 
Fams. 54 and 55. Neither the sibs nor backcrosses include any plants in Group 1, 
whereas these occurred in the selfed families except Fam. 52, which is similar to the 
height behaviour. The mean vigour (for both recorders) for the sibs is 3.8, for the back- 
crosses 3.6 and for the selfs 3.1, so that whereas height was considerably reduced by 
selfing, general plant vigour was not so drastically reduced, and backcrosses were 


hardly less vigorous than the sibs. 
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FIG. 2. CORRELATION BETWEEN ACTUAL HEIGHTS AND ASSESSED PLANT VIGOURS OF THE 9 RASPBERRY 
FAMILIES 


TABLE 3. RATING RASPBERRIES FOR VIGOUR ON 25 JUNE 


Group Assessment 

0 Dead 

1 Plants very small, with chlorotic leaves (like virus stunt); no fruits; usually single cane. 

9 Plants very short, with very few canes. Leaves often chlorotic. Few fruits. 

3 Plants medium height, with fair number of canes, sometimes rather weak. Some fruit. 

4 Plants of good height with sufficient number of canes. Healthy appearance. Satisfactory 
fruiting. 

5 Plants highly vigorous, with many upright, tall canes and healthy, dark green leaves. 
Good fruiting. 


Comparison of the family means for plant height and vigour shows these are closely 
related biometrical characters (fig. 2). This holds within families, e‚g. in Fam. 61 r = 
+0.67 for 20 plants, and in Fam. 52 r — +0.8, both being highly significant. 


SPINE COLOUR AND INTENSITY 


Spines were classified as coloured, tinged or green, but difficulties sometimes arose 
in separating tinged from green. Their intensity and density are more important com- 
mercially, and in breeding it is desirable to select only those with few spines. Spine 
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PRICKLE INTENSITY AND DENSITY 


j: 


FIG. 3. RANGE OF SEGREGATING PRICKLE INTENSITY AND DENSÍTY IN RASPBERRY 


(1) smooth coloured basal spots only; (2) raised basal spots and sparse weak prickles; 
(3) most frequent type: fair density and intensity; (4) denser and more intense prickling 
than (3); (5) heavy armature, with very dense and intense prickles. — 

Types (1), (2) and (3) only are suitable for commerce. 


intensity was graded in five classes (fig. 3): grade 3 is common, grades 4 and 5 have 
increased density of prickles often relatively more spiny, and grade 2 has dispersed 
spines of relatively small size. Grade 1 has only spine bases, often represented by 
coloured spots, and is genetically different from the true naked (th th) condition. 
Grades 1 and 2 are desirable for raspberry breeding, and their occurrence is indepen- 
dent of spine colour. Large families may have to be raised when selecting for reduced 
spine intensity. 


MiLDEW SUSCEPTIBILITY 


Records were made in July of mildew attacks on fruiting branches, where they are 
most easily recognised: rainfall had not been heavy. Fams. 52 and 53 were much 
less affected and both have 13% as parent. The heaviest attack occurred in backcross 
Fam. 61 and selfed Fam. 55. Inbreeding depression and general genetical background 
influence mildew susceptibility, as the mean attacks for sibbed, selfed and backcrossed 
families are 13.6 %, 18.8 % and 23.0 % respectively. Strains less liable to mildew attack 
should be obtainable by selection. 


VEGETATIVE BUD BREAK 


This was scored on 27 April, 25 plants per family being graded as: 0 = Plant 
probably alive but no bud break, 1 — Buds just beginning to break, 2 —= Leaves 
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unfolding, 3 — All leaves displayed (i.e. the earliest). The two backcross Fams. 60 
and 61 were the earliest to leaf, the selfs and sibs being later and intravariable. The 
vegetative bud break indices of the selfs, sibs and back-crosses for two years were 
2.00, 1.95 and 2.12 respectively. In these families the time of bud break appears to 
show no relationship to the particular pedigree, and the inbreds included the earliest 
and latest to break. Furthermore, there was no correlation in mean vegetative bud 
break for two consecutive years in the nine families. This contrasts with the known 
and consistent differences in commercial varieties, and is partly explained by the se- 
cond year bud-breaking being condensed, and partly by the lack of intrinsic variability 
i.e. low heritability for this character in these families. 


BIOMETRICAL FLOWERING AND FRUITING CHARACTERS 


Flowering ability 

The number of flowers per inflorescence was counted for 20 plants in each family, 
using 6 inflorescences per plant, and mean numbers, standard deviations and co- 
efficients of variation (C) were calculated. The actual number of flowers varied from 
3 to 36, the highest being perhaps due to fasciation. The modes in the selfed families 
are 6, 7, 8, 9; in sibbed families 7 and 8, and 7 in backcross families. Mean flower 
number per inflorescence in similar throughout, i.e. 8.05 for sibs, 8.52 for selfs and 
9.25 for backcrosses. These are similar to values for cultivated varieties (MATHERS, 
1952). Flower number per inflorescence was plotted against percentage frequency, 
and produced similar skewed curves in most families, with a sharp rise to the mode 
and then a more gradual but still fairly sharp fall. The mean time of appearance of the 
first flower buds was the same in all families (27-28 April), but Fams. 55 and 61 had 
the greatest range of 18 and 19 days respectively. 


Fruit colour 


Four families were homozygous for red fruits, and five families segregated red, 
apricot and yellow. Fruit colours are controlled by the genes T and P, and are as- 
sociated with coloured or tinged spines. Fruit colour itself is the certain guide for 
scoring, although red fruited plants generally have tinged leaves and yellow ones 
have only green. The sib Fams. 5l and 53 had 8 out of 179 plants with red fruits 
becoming very dark on ripening. This is undesirable in a variety used for jam or 
dessert; its inheritance is unknown. 


First-year fruiting ability 

This was judged by the production of fruits in the first year after planting, assessed 
from the number available for volume measurement on one occasion. Plants were 
grouped as those with 10 or more fruits, 5 to 10, or less than 5; the results are given 
in table 4. Most plants had 10 or more fruits in all except the backcross Fam. 60. 
However, 45.5 % were relatively low yielding, which is a high proportion from the 
breeder’s viewpoint. The sibs have relatively fewer less productive plants, whereas 
selfs and backcrosses have more. There is wide variation in average first year fruiting 
within the selfed families, e.g. Fam. 54, not previously outstanding, has the same 
proportion of ten-fruited plants as the sib Fam. 51, and the backcrosses widely 
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diverge. It is likely that the quantity of first-year fruiting is influenced by the cane 
productivity, but the relation between this and productivity during part or all the life 
of a plant is unknown. 


TABLE 4 FIRST YEAR FRUITING ABILITY 


$ Mean % fruiting ability 
Pedigree 
10+ fruits 5-10fruits | 0-5 fruits 
SDS set der pars Tate 72.6 15.6 11.8 
SES Venten ae ree | 52.0 23.0 25.0 
BACKCLOSSES sars ee 47.3 30.7 | 22.0 


Fruits from each plant were all picked on one occasion. 


Many inflorescences were attacked by mildew, and a correlation test of first year 
fruiting ability and mildew gave r — +0.42, for N — 7, which is significant at < 0.05. 
Hence susceptibility to mildew and low first-year fruiting ability are associated. 


Fruit ripening 

Plants were scored for ripe fruit at three-day intervals, being judged ripe when all 
drupelets were brightly coloured. Several fruits usually ripened simultaneously, and 
terminals generally before laterals. Only Fams. 53 and 55 had ripe fruits by the end 
of June. Fam. 53 is an F, between 13° and 132, which produced the selfed progenies 
Fams. 50 and 52 respectively. The influence of these parents is seen from fig. lc. The 
short season of fruiting for all families is noticeable, and the inbreds especially ripen 
suddenly. The average ripening dates show uniformity in the two sib families, but 
variation within the five selfed and two backcrossed families. The mean percentage 
ripening dates for sibs, selfs and backcrosses, are 12.5, 14.6 and 14.25 respectively. 
Only three from 751 plants (—= 0.4%), ripened before July; hence, one must expect 
to grow many plants when selecting for earlier fruiting. The correlation coefficient 
for fruiting time for the nine families in two consecutive years was r — +0.52, which 
was not significant (cf. flowering time relationships in HASKELL, 1955). 


Maturity rate 

The mean maturity rate is estimated as the difference between the mean fruiting 
time and the mean flowering time. The mean maturity rate was 41 days and 55 days 
for two consecutive years, so rate of maturity is clearly influenced by climatic condi- 
tions. But the greatest difference between families was only 4 days, found in the inbred 
families. 


Double bearing 

Some plants flowered again on tips of the current year's growth in the autumn, 
and were scored on 23 October. This property is neither autumn flowering nor per- 
petual flowering (MARKHAM, 1926), but is annual double bearing, a characteristic 
not common in cultivated Rosaceae. The selfed Fam. 54 with 13% of its plants with 
buds, flowers or fruits, differed markedly from other selfed families and the two sibbed 
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families, with none, or very few flowers and fruits. One backcross family had 2% and 
the other 9% autumnal plants, but a clone of Park Lane showed no autumnal flowering. 
There was no difference between red and apricot fruited plants for this character. 
Some raspberry crosses may, therefore, produce more double bearing seedlings than 
others, as there are genetical influences affecting its manifestation (HASKELL, 1960). 


BIOMETRICAL FRUIT CHARACTERS 


As Woop and BOAsE (1951) have pointed out, the chief characters affecting the 
qualities of fresh raspberries are colour, texture, size, flavour and ease of separation 
of the fruit from the plug. These are quantitative characters, and the nine families 
were assessed biometrically for them. 

Size 

Ten ripe fruits from each plant were measured in a 100 cc cylinder, and when less 
than 10 were available all the ripe fruits were used. Mean fruit size was calculated, 
and the frequencies in each family were plotted (fig. 1d). The mode is 8-9 ccs in the 
sib Fam. 53; in the sibbed Fam. 51 and selfed Fam. 52 it is 7-8 ccs, in selfed Fam. 50 
it is 6-7 ccs, but in selfed Fam. 54 it is only 4-5 ces. The selfed Fam. 59 and backcross 
Fam. 60 have bimodal distributions. Park Lane itself has only medium sized fruits. 
There is no sharp mode in Fams. 55 and 61. The smallest size of fruits (1-2 ccs) oc- 
curred in plants of selfed Fam. 54, and in one plant of backcross Fam. 61. The largest 
size (11-12 ccs) was in sib Fam. 53, and those of group 10-11 in Fams. 51 and 60. 

Heterosis may have an important influence on fruit size, because the largest are 
either in the sib families or a backcross. Selection for large fruits should be possible 
as there is considerable segregation in the selfed families. CRANE and LAWRENCE (1952) 
considered large size to be a recessive character. Mean fruit size shows that sibs have 
comparatively larger fruits (8—10cc) than selfs (6.4 cc) and backcrosses (6.6 cc). However, 
the selfed Fam. 52 also had some plants with large fruits; it is related to the large 
fruited sib Fam. 53, having one common ancestor. These data indicate not only the 
possibility of selecting lines of different fruit size during inbreeding, but that selfed 
lines showing inbreeding depression in quantitative characters, such as height and vi- 
gour, may yet retain a large fruit size. 


Shape 


This was assessed visually, grading the fruits as conical, rounded or round (fig. 4), 
and was constant within each plant. All families segregated, but mostly had conical 
shapes, although the selfed Fam. 54 had 43% round fruited plants. The mean per- 
centage values (table 5) show that selfs and backcrosses behaved very similarly, while 
sibs were not widely different but produced more conical fruited plants. Fruit shape 
per se is not of prime economic importance, there being much variation among culti- 
vars. LEEMANS AND NANNENGA (1957) list 32 ““conical”, 6 “conical-roundish” and 13 
“roundish” varieties in cultivation. It is likely that the conical shape has been selected 
from the round, as this is characteristic of the early cultivars and wild raspberry 
(HASKELL, 1954, 1960). There has been either an unconscious selection, or the conical 


shape may be more frequently linked with other advantages, e.g. ability to keep shape 
(Woop AND BOASE, 1951). 
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FRUIT SHAPE 


Conical Rounded 
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PLUG SHAPE 
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FIG. 4. RASPBERRY FRUIT SHAPES AND THEIR ASSOCIATED TYPES OF PLUGS. THESE ARE NOT NECESSARILY 
RELATED TO EASE OF PICKING 


TABLE 5. SEGREGATION FOR FRUIT SHAPE 


Family No. in family Conical Rounded Round 

eo % %e 

SCSI reren Welten EE 71 58 30 13 

52 79 | 51 42 8 

54 54 22 35 43 

55 61 61 28 12 

59 54 74 24 2 
Mean 53.1 31.7 | 15.3 

| 

STel At 75 59 36 5) 

53 En 93 65 20 15 
Mean 61.6 28.0 10.2 

TEEN (OU 0 ME 89 46 37 17 

61 ROE 81 62 30 9 
Mean | 53.9 | 33.4 | 12.8 


Red fruits only measured 
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Texture 


Firmness is the ability of drupelets to adhere, in contrast to crumbliness, and is 
economically important. It is readily tested by rolling a fruit once or twice between 
thumb and forefinger. Table 6 shows that only two selfed families had less than 50 % 
firm fruits, whilst the highest number (64%) of plants with crumbly fruits were in one 
of these, i.e. Fam. 54. Mean percentage values show an increase of firm fruited plants 
through selfs (51 %) and sib (60%) to backcrosses (67%); and a corresponding de- 
crease in plants with crumbly fruits, viz. 38, 25 and 17 %. 

Tenderness, indicated by the drupelets collapsing and squashing under slight pres- 
sure, is also important. It is tested by subjecting fruits to slight pressure between thumb 
and forefinger, and judging them tender if the drupelets collapse and squash. Four 
categories were assessed, the percentage frequencies being given in table 6. Few plants 
had non-tender fruits, the highest frequency occurring in the sib Fam. 51 with 22%, 
but all families segregated some plants with them. Non-tender fruits travel well but 
tender fruits are more juicy, so selection of intermediate seedlings might be preferable. 
There is no correlation between firmness and tenderness of fruits. 


TABLE 6. SEGREGATION FOR TEXTURE QUALITY OF FRUITS 


Firmness Tenderness 
3 No. in 
Family family Crumbly Medium Firm Tender Fairly Less Non- 
tender tender tender 
Selfs Orne 72 38 14 49 26 ik, 29 28 
En 79 35 8 57 34 877 14 15 
EL Search 53 64 8 28 43 32 23 2) 
Sman 6 23 2 56 43 38 12 8 
59 nh 54 28 7 65 48 28 11 13 
Mean 37.6 11.5 50.9 38.9 30.2 U 05/ 13.2 
Sibs Eee 81 25 12 63 317 26 15 18 
53 det 9% 26 18 56 31 46 18 S 
Mean 25.4 15.0 59.7 34.2 35.9 16.3 13.7 
Backcrossm 60m Tt 89 DI 12 66 52 25 10 12 
(5 84 (2 20 68 42 35 19 4 
Mean ‚_ 16.7 16.8 67.1 46.7 29.6 14.6 13.5 


(Figures are percentages of red fruits) 


Correlations 


There is some association between fruit volume and the extreme ranges of flavour, 
e.g. of fruits measuring < 4 ccs only 6% are good flavoured and the acidy group 
contains 31 %, whereas in the largest fruits (> 12 ccs) these are 13% and 24% respec- 
tively. 

The relationship between colour and firmness was tested: generally, apricots are 
like red fruits within the families, except in Fam. 61, with only 9 apricot plants for 
comparison. This is not unexpected, as chromatograms show that red and apricot 
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fruits differ only in intensity of cyanidin. Epidermal strength of the drupelets is not, 
therefore, a major factor in holding them together ; other factors such as resin secretion 
are possibly involved. There is a greater proportion of apricot fruits in the fairly- 
soft and soft classes compared with red fruits, but this might be attributable to the 
small numbers. CRANE and LAWRENCE (1952) found yellow fruit colour associated 
with a soft flesh, although often associated with good flavour and size. 

There were no correlations between fruit size or plug shape with ease of picking, 
Hence breeding for large size, or using parents of a particular plug type, should not 
directly effect ease of picking. Fruits with pointed plugs are 88% conical and only 
2% round; by contrast, round plugs are 76% round fruited and only 1% conical. 
Blunt plugs occur in 72% of rounded fruits. Thus fruit and plug shapes are highly 
associated. Woop and BoAse (1951) have pointed out that berries with large or round- 
ish plugs tend to flatten more easily after picking. 


FLAVOUR AND TASTE TRIALS 


Fruits of all the plants were tasted when fully ripe by recorder A, the good flavoured 
ones being further tasted by recorder B. These flavours were assessed and grouped 
into five quality classes, viz., good, fair, poor, tasteless and acidy. Histograms of the 
frequencies of each class are given for red fruited plants only. (fig. le). Some acidity 
is necessary for good flavour, but plants of group A (acidy) had fruits predominantly 
acid, and tasting unpleasant. The two sibbed families have the smallest frequency 
of acidy fruits. 

The highest percentage (26 %) of well flavoured fruits is in sib Fam. 53; its two par- 
ents (13? and 13%) selfed gave Fams. 50 and 52, with 13 and 15 % respectively. These 
parents combine well for flavour, since in the F, the proportion of good fruits increases 
and that of tasteless and acidy fruits lessens. The other sib Fam. 51 has only 12 % good 
fruits, although one parent is also 13°. The selfed Fams. 55, 54 and 59 have 5-7 % 
good fruits and over 70% poor, tasteless or acidy. The backcross Fams. 60 and 61 
have 12 and 7 % good fruits, and 50-55 % poor and tasteless respectively. Backcrossing 
to Park Lane, used for its quality flavour, increases the segregation for plants with well 
flavoured fruits but reduces that for acidy fruits, compared with the same parent 
selfed (compare Fams. 55 and 60). 

The manifold complex called “flavour” is clearly genetical; hence it should be pos- 
sible to select for improved fruit quality, particularly from crosses of plants which 
combine well for flavour. All the families segregate plants of all taste categories. Al- 
though there is evidence that sibbing produces more plants of good flavour, wide 
segregations occur during selfing and backcrossing, enabling selection of choicer 
fruiting types, and good tasting inbreds should be obtainable. The number of apricot 
fruits for comparison was small, but there was no suggestion that their flavour fre- 
quencies differed from those of red fruits. 

Raspberries are required not only for fresh fruit but for preserving, canning and 
quick freezing; hence new varieties are welcome which satisfy various requirements. 
Good flavour and a bright red colour not darkening at maturity are always essential. 
Flavour is difficult to assess, but an attempt was made with the families to learn 
something of its inheritance, and to see if it is associated with other fruit qualities. 
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BLAKESLEE and SALMON (1935) have found that everyone has a different threshold 
of perception for different substances, e.g. sugars and acids, so a taste of trial was 
conducted to test the reaction to raspberry flavour of an unselected group of people. 
The trial was initiated using four samples, viz. Crane’s selections and rejects, mixed 
Canadian varieties and present selections, distinguished by the letters A, B, C and D 
respectively, the fruits being picked as nearly alike in ripeness. These had to be placed 
in order of preference. Thirty-one people took part, and after seven days the test was 
repeated with 22 people, using samples from the same plants with the letters H, G, 
F, E respectively. Fifteen people took part in both tests. Numbers 1, 2, 3 and 4 were 
substituted for the respective order of letters, and an analysis of variation made on 
the VX + 0.5 transformation for small numbers (SNEDECOR, 1946). 

The results are summarised in table 7. This shows that people differ in what they 
consider is a good flavoured raspberry. The analysis of variance of those taking part in 
both tests shows that panel members were generally agreed on the flavour they liked 
east, but they found it harder to choose a good variety than to reject one less desirable. 


TABLE 7. PREFERENCES FOR FLAVOUR 


Test 1 Test 


e Mean %% 
Pedigree JA A 
o reference 
Code letter preferéfice Code letter Drbrerende Pp 
First choice 
Crane’s selections . …. . .…. vaN 46.8 H 43.5 45.2 
Cranes rejects, 1-5. MALE AER AL B 12.9 G Pil BI) 1753 
Canadian varieties (mixed) . . G 29.0 F 8.7 18.9 
Present selections. … ._…… … D 11.3 E 26.0 18.7 
Least preferred 
Erane's:seleClONS sn … nn ae IN 3.4 H 9,5 6.5 
Eren ie nel Te bs gk te ie a B 37.9 G 47.6 42.8 
Canadian varieties (mixed) . . . C 20.7 F 23.8 223 
Present selectonst.a kansel: D 37.9 E 19.1 28.5 
ANALYSES OF VARIANCE OF TASTE TRIAL 
SS N MS V.R. or t P 
First choice 
Persons: (P)usente benee 0.8529 14 0.0609 2.56 0.05 
DOSES (A) romen Ee 0.0053 1 0.0053 5.42 <0.001 
PEI EOD ne 2.1843 14 0.1560 
Total Taart HAT 3.0425 29 
Last choice 
Petson (Bilt seerde 0.8412 14 0.0609 1.96 0.5-—0.2 
Tests (Tete deka en 0.1260 1 0.1260 1.03 0.5-—0.3 
de il doris mie gers 1.6730 14 0.1195 
Totalen. TETE VN 2.6402 29 
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An analysis was made on the whole data, involving 31 people in Test 1 and 22 in 
Test 2, with the order of preference of 4 samples recorded in each test. There were 
differences between varieties in the way people chose them, but the two tests did not 
differ (table 8); the order of preference differed in the two tests. As to the interactions, 
different varieties were chosen in. different tests, but varieties were generally preferred 
in the same order, while the orders differed in the two tests. Thus even public taste is 
unreliable and other factors not analysed must influence preferences, e.g. correct stage 
of picking, fruit colour and appearance (cf. EDGAR, 1955). This supports the con- 
tention that raspberry improvement, at least in Britain, should be carried out by several 
independent breeders, each submitting choice seedlings to a taste panel, for com- 
parison with a standard like Lloyd George; this works well in breeding hybrid 
sweetcorn for canning. 


TABLE 8. ANALYSIS OF VARIANCE OF COMPLETE TASTE TRIAL 


SS MS V.R. or t } 
MARCHES EN)ee a Be 7 0.6562 3 0.2187 57.01 0.010.001 
BESSIE At Be. 34.0312 1 34.0312 1.65 0.2—0.1 
Orders (ON Krant 0.3437 3 0.1146 108.80 0.010.001 
NEE BAER TENAA £ 0.6563 3 0.2188 56.99 0.010.001 
NEO Wit Her anda ut 218.2188 9 24.2465 1.94 0.2 
BEONE EN at on A 0.3438 3 0.1146 108.80 0.010.001 
noe 12521817 9 12.4687 
MotaldeEEEI A LA Alis, 366.4687 31 


A further trial with 15 people for preference of appearance and flavour was carried 
out on two cultivated clones and two seedlings, Nos. 33 and 36, chosen for their high 
quality. The panel decided (table 9) that the two seedlings had the best flavours, even 
though the appearance of the two standards was preferred. Hence appearance need 
not influence choice for flavour,and the two qualities may not necessarily be associated. 


TABLE 9. PREFERENCE OF 15 PERSONS FOR QUALITY IN 4 SEEDLINGS OF RASPBERRY 


Pedigree Code letter Appearance Flavour 
Ce smeer re JAN 0 33 
Malling Landmark ...... B 67 0) 
Wloyd.-George Ak . me C 33 7 
SeedlingA30r MIE Mr EN D 0 60 


Figures are percentages. 


Twenty-five seedlings from twice backcrossing to Park Lane selected segregants 
from the original selected seedling S1O (— Burnetholm x Lloyd George) were twice 
assessed for flavour by 9 persons. The ratings of the top three are shown in table 10 
with 5 commercial clones, using Lloyd George as standard. The procedure of selecting 
good flavoured hybrid seedlings from choice parents, and backcrossing them to the 
good flavoured parent has successfully produced seedlings of improved flavour. Each 
stage of selection also included assessment of other biometrical qualities, only the 
“all-rounders” being used for breeding. 
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TABLE 10. FLAVOUR ASSESSMENT OF 3 BEST SEEDLINGS FROM PROGENIES INVOLVING CROSSES OF GOOD 
FLAVOURED PARENTS, WITH LLOYD GEORGE TAKEN AS THE STANDARD 


Clone or seedling Flavour assessment 
NO MOM Ee ERE 1 OMEN 5 118 
INGUSON EE tE RE eh 107 
Llóyd:Geordendamai tek 100 
NO: 20 drs and er he nee 94 
Mallinglewels meneere 73 
MallmeiBnterpmse nen 73 
Malling:Promise Xeen 63 
Norfolk Griantensset AIEE. tee 52 


Mean of two assessments by 9 persons. 


SELECTIONS FROM BIOMETRICAL ASSESSMENT 


From the records of vegetative and fruiting characters for the nine families, 36 
seedlings with the best “all-round” biometrical characters were selected for yield 
testing in situ the following year. Two of the selected seedlings died during the winter. 
These selections were scattered in the plot, and so the plants on either side of each 
were used as controls. Each selection was compared with the mean values of its two 
controls when assessing the yields of fruits. Three canes were taken from each selected 
seedling for propagation in the autumn, which possibly reduced the potential of fruit- 
ing canes on some plants next year; hence in the second year of fruit harvesting the 
yield per cane was estimated on selections and controls. In the third year, the total 
yield per plant was obtained. Fig. 5 shows histograms for yield of selected seedlings 
compared with the mean of their two controls, for the two years of cropping. The crop 
ripened late in the first year, and picking did not begin until 20th July. The last har- 


Selected 


IO 12 14+ 


NUMBER OF PLANTS 


NUMBER OF PLANTS 
Unselected 


Unselected 


2nd Year of Fruiting 3rd Year of Fruiting 


FIG. 5. EFFECT ON YIELD FROM SELECTION OF 36 SEEDLINGS WITH THE BEST BIOMETRICAL ASSESSMENT. 
THE UNSELECTED VALUES ARE MEANS OF PLANTS ON EACH SIDE OF THE SELECTIONS 
A. Frequency of yield per cane of ripe fruit in second fruiting year; 
B. Frequency of yield per plant in third fruiting year 
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Selected seedlings — INDIviouAt VALUES 


Unselected seedlings — Means of TWO CONTROLS 


YIELD PER CANE (oz) 
FIRST YEAR 


TOTAL YIELD PER PLANT (oz) 


Fia. 6. RIPE FRUIT YIELDS OF SELECTED AND UNSELECTED SEEDLINGS FOR TWO CONSECUTIVE YEARS OF 
HARVESTING. THE “ALL-ROUND” BIOMETRICAL CHOICE OF SEGREGATING SEEDLINGS INCREASES 
THE CHANCES OF OBTAINING HIGHER YIELDERS 


vesting was on 4 August, giving a range of 16 days for fruit harvesting; but rain and 
wind spoiled much of the fruit during this period and lowered the yields. 

The individual values for yields of selections and controls for two years are given 
in fig. 6. Twenty-one of the 34 seedlings had higher yields than their controls, four had 
the same yield and nine less than their controls. The more vigorous plants generally 
fruited better than weak ones, although excessive cane growth could reduce the 
yields and make the fruits rather inaccessible; but the mean number of flowers per 
inflorescence on the selections was the same as for the controls, averaging 9-10 flowers. 
It is clear that an “all-round” biometrical assessment of seedlings in segregating fa- 
milies is of value in assorting out those plants which are potentially higher vielders 
from the bulk of the population. 


ACKNOWLEDGEMENTS 


The practical work was carried out at the John Innes Horticultural Institution at 
the suggestion of Mr. M. B. CRANe, F.R.S. 1 am indebted to Dr. K. S. Dopps, the 
present Director of that Institution, for permission to use the data. 1 wish to thank 
Dr. C. A. Woop for useful advice and criticism. 


38 


GORDON HASKELL 


SAMENVATTING 


Biometrische eigenschappen en selectie bij de framboos 


Bij een biometrisch onderzoek naar de belangrijkste eigenschappen van zelf bestui- 
vingen, kruisingen en terugkruisingen van de framboos werden uit een populatie 
van 841 individuen die 36 uitgekozen welke, over het geheel genomen, het beste be- 
oordelingscijfer behaalden. De nakomelingschappen hiervan werden gedurende 2 
jaren op opbrengst getoetst. Twee overleefden de le winter niet, doch van de overige 
34 bleken 21 een hoger opbrengstvermogen te bezitten dan de standaard, 4 gaven 
dezelfde opbrengst en 9 een lagere opbrengst. 

Schrijver concludeert, dat een biometrische analyse van de eigenschappen van waar- 
de is bij de veredeling van de framboos. 
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ABSTRACT 


In infection experiments with clover rot (Sclerotinia trifoliorum ERIKSs.) on 9 pairs 
of diploid and corresponding autotetraploid families arisen from chimaera plants the 
tetraploid families proved to be more resistant than their corresponding diploid fa- 
milies. Significant interaction between family pairs and ploidy level was demonstrated 
and this is an indication that there may be differences between different genotypes 
with respect to the effect of autotetraploidy on resistance to clover rot in red clover. 


INTRODUCTION 


Sclerotinia trifoliorum very often does a great damage in clover fields in Norway, 
and management practices have not proved to be sufficiently effective to control this 
disease. GRAM (4), HOUSTON, et. al. (5), YLIMÄKI (9), and ZoGg (10) found that the 
damage caused by Sclerotinia trifoliorum could be reduced by using chemical treat- 
ments. However so far this has not been carried out by farmers. Extensive work in 
breeding for resistance against Sclerotinia trifoliorum has been carried out in Denmark 
(2), and Sweden (3, 7), and fairly resistant varieties have been obtained. 

In the literature one finds very little information on the influence of induced auto- 
tetraploidy on resistance to Sclerotinia trifoliorum in red clover. LEVAN (6) obtained 
more severe attacks in tetraploid Merkur red clover than in the diploid variety. 
FRANDSEN (1), on the other hand, observed that a mixed group of tetraploid red clover 
families was more resistant to Sclerotinia than the best diploid variety. VESTAD (8) 
also found that tetraploid families had on an average better resistance to clover rot 
than diploid families and strains. He pointed out, however, the difference in origin 
of the tetraploid and diploid material investigated and this did not allow an exact 
estimate of the influence on the resistance to clover rot by the chromosome doubling. 

The procedure used in this study is an attempt to get a more exact evaluation of the 
influence of chromosome doubling on resistance to clover rot in red clover. This eva- 
luation was made by testing pairs of diploid and tetraploid families originating from 
the same parental plants, chimaera plants. The investigations are carried out at the 
Institute of Genetics and Plant Breeding, Agricultural College of Norway. 


MATERIAL AND METHODS 


Seedlings of the Norwegian local strains Toten and Molstad, the Swedish strain 
Merkur and of two strain crosses, Molstad x Merkur and Altaswede x Ultuna, were 
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treated with colchicine (1.6 % in agar solution). Chimaera plants, i.e. plants with both 
tetraploid and diploid shoots from this material were used in crosses between pairs of 
plants as follows: 


plant A 2x Xx plant B 2x (and reciprocal) 
plant A 4x x plant B 4x (and reciprocal). 


By this method a series of corresponding diploid and tetraploid F, families were 
produced. To get enough seed for infection experiments these F, families were 
planted in two groups (polycross-nurseries) for seed increase, one with 9 diploid families 
and one with the corresponding 9 tetraploid families. The diploid and tetraploid 
groups were planted side by side in the same field. Seed was harvested separately for 
each family within each group. In this material the tetraploid families represent a 
doubling of the gene mass of the corresponding diploid families and, allowing for 
segregations from crosses between F, plants and families, the pairs of 2 X and 4 Xx 
families should, on the average, contain the same gene complements. 

The origin of the 9 pairs of 2 x and 4 X families were: 


Pair 1: Cross between two plants from Merkur 


Banta2:s 8 Ee 5 zà „… Merkur 

Pair:3: 5. 5 5 ns „… _Molstad and Toten 

Pair 4: n 5 od bn „… _Molstad and Toten 

Bas: A8 y Là ie „ Merkur and SK 47 (Molstad x Merkur) 
Pair 6: st o} Nr: 2 „ Merkur and SK 47 (Molstad x Merkur) 
Pair 7: pr el oh 4 „… Merkur and Molstad 

Pair 8: g3 EN F 3 „ __Molstad and SK 46 (Altaswede x Ultuna) 
Pair 9: 3 5 d AN „ _Molstad and SK 46 (Altaswede x Ultuna) 


In 1956 these 9 pairs of 2 X and 4 x families were tested in experiments with arti- 
ficial infection with the clover rot fungus. In the spring the families were planted in 
wooden flats in the greenhouse. The corresponding 2 Xx and 4 x families were planted 
in the same flats, 56 plants of 2 X and 56 plants of 4 X in each flat. Six replicates 
were used in each of the two experiments. After one month the flats were placed in 
the field. When the plants were about 3 months old they were placed in moisture 
chambers (large cold frames) for inoculation. The technique used for propagation 
of the fungus and for inoculation of the plants is the one employd by FRANDSEN (2). 

In our experiments mycelia of 15 isolates of Sclerotinia trifoliorum from different 
places in South-Eastern Norway were used. Before inoculation, sufficient mycelia 
of this 15 different isolates were mixed together and then sprayed over the plants as 
a suspension in clover decoction with 2% grape sugar. The flats were kept in the 
moisture chambers for 39 days in experiment I and for 20 days in experiment IL. The 
growth of the fungus was very slow in experiment I. To stop the attack the flats were 
placed in a dry greenhouse where the rotting leaves and stems will dry up and the 
surviving plants produce fresh shoots. The number of surviving plants was counted 
16 days (in exp. I) and 71 days (in exp. II) after the attack was interrupted. 
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RESULTS AND DISCUSSION 
The results obtained from the experiments are presented in table 1. 


TABLE 1. INFECTION EXPERIMENTS WITH CLOVER ROT ON DIPLOID AND AUTOTETRAPLOID RED CLOVER, 
PROGENIES ARISEN FROM CHIMAERA PLANTS 


Family Experiment I Experiment II 
pair no. % Surviving plants after %% Surviving plants after Average both experiments 
76 days 71 days 
2x 4x 2x 4x Dek 4x 
1 44,6 IES 50.— 60.7 47.3 60.1 
2 56.2 60.4 53.4 56.— 54.8 58.2 
3 58.8 65.9 58.2 68.9 58.5 67.4 
4 57.4 68.4 60.4 65.4 58.9 66.9 
5 58.8 69.9 52.5 68.7 55.7 69.3 
6 61.3 70.1 44,9 61.8 53.1 66.— 
7 46.4 67.4 47.3 zite 46.9 69.6 
8 48.8 76.4 56.3 70.9 52.6 73.7 
9 54.5 67.4 60.6 15 57.6 71.6 
Mean 54.1 66.8 SR 67.1 53.9 67.— 


In all cases the tetraploid families were more resistant to clover rot than their 
corresponding diploid families, and the difference between tetraploids and diploids 
proved to be highly significant (table 2). 


TABLE 2. ANALYSIS OF VARIANCE 


Variance source | DF Variance | F-values 
IR Bebweennexperimentsm nnn a 1 0.02 
2mBetween 2e randA en. MN Zones 1 1,531.42 (2/4) 41.51? 
3. Between family pairs. . ..... 8 53.63 

Interaction: 

4. Family pairs X ploidylevel ... 8 36.89 (4/7) 3.48 
5. Family pairs X experiments ... 8 36.73 (5/7) 3.46! 
6. Experiments X ploidy level. . . . 1 0.87 
VER ECLOGAMM MAAS IE er la oid AR 8 10.61 
WOE er EREN 35 


1 Significant at the 5 % level. 
2 Significant at the 0.1 % level. 


The interaction between family pairs and ploidy level was significant at the 5% 
level. This means that the effect of induced autotetraploidy on resistance to clover 
rot might be different on different genotypes in red clover. In this material crosses 
between F, plants and families were allowed and this will decrease the possibility to 
obtain differences between genotypes with respect to the effect of autotetraploidy. 
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The chance to detect such differences between genotypes could be increased in two 
ways: 1) By testing pure F‚’s and F‚’s of corresponding 2 X and 4 x families arisen 
from chimaera plants, or 2) by avoiding inbreeding, through testing dialell pair 
crosses of F, families. However, the experiments with intercrossed families lead to 
the conclusion that the autotetraploidy had a positive effect on resistance to clover 
rot in the material investigated. 

These experiments do not permit an estimate of the effect of selection for resistance 
to clover rot within diploids compared with the effect of selection for resistance to 
clover rot within autotetraploids. This estimate would be of great interest to the plant 
breeder, and experiments with “recurrent mass selection” for resistance to clover rot 
within diploids and autotetraploids have been started at our institute. 


SAMENVATTING 


De invloed van kunstmatige autotetraploidie op de resistentie tegen klaverkanker bij 
rode klaver 


Bij kunstmatige infectie met klaverkanker van 9 paren (uit chimaere planten van 
rode klaver afkomstige) diploide en daarmede corresponderende autotetraploide 
families bleken de tetraploide families grotere resistentie te vertonen dan de daarmede 
corresponderende diploide families. 

Uit een vergelijking van de families bleek dat er verschillen in invloed van de auto- 
tetraploidie op de resistentie tegen klaverkanker zijn. 
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ABSTRACT 


The results of testing a large group of species and varieties of wild tuber-bearing 
Solanum species from Central America and adjoining regions of the United States with 
several races of Phytophthora infestans are reported. 
‚__ In the species bulbocastanum and polytrichon a valuable degree of resistance was 

observed. This may be caused by genes for hypersensitivity as well as for field. resist- 
ance. 

Some cases of deviations from the international scheme of relations between R 
genes and races of the parasite are mentioned. 

The results of extensive cross-breeding experiments with the two above mentioned 
species are given. S. bulbocastanum is a very difficult species in this respect; S. poly- 
trichon shows more promise. 


MATERIAL AND METHODS 


The plants used in this study have been grown from seeds obtained from Dr. J. S. 
NIEDERHAUSER (\S. bulbocastanum) and from tubers of the following species collected 
by Dr. J. G. HAWKES (9) during his recent expedition to Mexico and Central America. 


S. brachycarpum LORR. S. michoacanum (Brrr.) Ryps. 
S. bulbocastanum Dun. S. sambucinum RYDB. 

S. cardiophyllum LINDL. S. semidemissum JUZ. 

S. ehrenbergii (BírT.) RypB. S. stoloniferum SCHLECHTD. 
S. fendleri A. GRAY S. vallis-mexici JUZ. 

S. jamesii TORR. S. verrucosum SCHLECHTD. 


In addition some material of the Commonwealth Potato Collection (C.P.C.) has 
been studied and some hybrids from crossbreeding work carried out at this Institute 
in 1958. 

During his expedition Dr. HAwKEs collected under one number samples of tubers 
from small groups of plants growing closely together because it was not possible to 
keep apart the tubers per plant. For our testing usually two plants per location 
have been raised. As it is not known whether these plants belong to one, two or more 
clones they are kept apart in the experiment. All the material obtained from Dr. 
HAwKEs bears the number of his check list (10). 

The material of S. bulbocastanum has been tested in the years 1957, 1958 and 1959, 
the other species have been studied during 1959 only. 
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For inoculation the races 4, 1.4, 2.4, 3.4, 1.2.4, 1.3.4, 2.3.4 and 1.2.3.4 have been 
used; all these races have been collected in Holland, either by Dr. MASTENBROEK or 
at Wageningen. In 1957 and 1958 suspensions of swarmspores were used for inocu- 
lation: in 1959 the much more convenient method of spraying suspensions of sporangia 
was applied. 

During spring and summer the races have been tested repeatedly on the differentials 
of Dr. MASTENBROEK and they reacted according to the international scheme (BLACK, 
et al.„1). For mass production of sporangia the fungus was grown in tubers of the variety 
“Bintje” and at close intervals conidia from leaves of differential hosts have been taken 
for transfer in order to maintain the purity of the material. 

The differentials used were: O, R‚, Ro, Ra, R4, RyRo, RiR3, RRas RoR3, RoR4 and 
R‚ RaRa. 

In all experiments the detached leaf method has been used as described by the 
author (ToxOPEUs, 17). The leaflets were pricked on pins and sprayed at a temperature 
between 20-25 °C and then placed in a room at 15°C. When doing so the temperature 
in the containers decreases and consequently the humidity of the air raises up to the 
saturation point. After 24 hours the small droplets of the suspension are still present 
so that the inoculum has had ample opportunity to germinate and to penetrate into 
the leaves if possible, 

The leaves are kept at 15°C for a period of 10-12 days. Seven days after inoculation 
they are examined for the presence of conidial growth and if necessary again some 
days later. The reaction is indicated as follows: 


+ conidia forma dense cover. 

EE many conidia but more or less localized. 

+ conidia scattered but easily to be seen with the naked eye. 

— very few conidia mainly along the rims of the leaflet. They can be distinguish- 
ed with some difficulty with the naked eye; however, a low power (10 x) mag- 
nifying glass should be used. 

0 no conidia. 


PRESENTATION OF DATA 


Solanum bulbocastanum 


In July 1957 we received 30 seeds each of 10 crosses between clones of S. bulbo- 
castanum. These crosses were made by ing. LEOPOLDO SERVIN of the Chapingo Expe- 
riment Station, Mexico. 

Part of this seed was sown out immediately after receipt and in the fall it was pos- 
sible to do some testing of a very preliminary nature. On the basis of the results of 
these tests, from five cross-combinations the remaining seeds were sown out by the 
end of February 1958. Somewhat later in the season tubers of the 1957 sowing could 
be planted. 


In 1959 some vegetative offspring of the foregoing material was raised and in ad- 
dition plants have been grown from tubers sent from several places by Dr. HAWKES, 
among them of the variety dolichophyllum. 

The number of leaves that could be spared from each separate seedling in the fall 
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of 1957 of course was small and therefore possibilities for testing were very restricted. 
Three leaves of each plant were available and it was decided to take eight F‚-plants 
from each cross and to spray the leaves of each separate plant with a different race of 
Phytophthora. In this way only information of a very general nature could be ob- 
tained (table 1). 


TABLE 1. RESULTS OF TESTING SEEDLINGS OF S. bulbocastanum IN 1957 


Number Cross combination Race of Phytophthora 
1 1: 
OGO Ins according VO SERVIN!) | 4 14 | 24 | 34 [124 [134 | 234 [1.234 
Eigenheimer ies | ren aen enne eel Selk SS 

B 1 360 Xx 395 — 0 0 0 0 0 0) 0 
Br 361 X 359 — — = — le ze — => 
B 3 362 Xx 361 SE == — 0) 0) 0) — —E 
B4 382 x 359 — ze 0) + + + 
B 5 395 x 359 0 de — zE mE 55 3E 
B 6 395 x 398 — 0 0 — 0 
B 7 397 x 359 0 0 0 0 0) 0 0) — 
B 8 397 x 360 0 0) 0 0 0) 0) 0) 0 
B9 398 x 359 Ei 0) 0) 0 Blad 5 — 0 
B 10 398 x 379 0 0) 0 0) 0 0 — 0 


1) See GRAHAM, et al. (4). 


It appears that there were notable differences in reaction, the crosses Bl, B7, B8 
and B10 showing much more resistance than others. The growth of the fungus in all 
cases was extremely poor and where a minus is given only one or two stalks with 
conidia could be observed. 

Necrotic reactions were very different. Some plants showed no lesions at all, while 
the leaves of other plants decayed in a weeks time. In some cases not even a single 
dead cell could be discovered with a magnification of 40 x. 

A second test could be made in the spring of 1958 with seedlings grown from the 
same seed samples. Now seven leaves of every plant could be spared, one leaf of each 
plant being used for spraying with the races 4, 1.2.4, 1.3.4 and 2.3.4 and three for race 
1.2.3.4. The results are presented in table 2. A point means no conidia, a figure 
indicates the number of days from inoculation to observation of the first conidia. 

Late in the season (September/October) some plants of the crosses B 6, B 7 and B 8 
again have been tested but with one leaf per race only. The results of this test are 
indicated in the same way so that several plants have a double note. 

From these data it is obvious that the crosses B 7 and B 8 show appreciably more 
resistance than B 1 and B 6, in agreement with the outcome of the tests of 1957. 
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TABLE 2. RESULTS OF TESTING SEEDLINGS OF S. bulbocastanum IN 1958 


Races of Phytophthora 
Plant 
4 1.2.4 1.3.4 2.3.4 1.2.3.4 
Cross B 1 
1 5 9 5 5 
2 5 8 5 . 
3 5 8 5 5 5 
4 je 8 5) 3 3 
5 7 5 5 ë 
6 5 5 
ij 5 e 5 
8 0 s 5 
9 5 5 5 3 je 
11 9 8 5 8 
12 s e 8 8 
13 7 5 5 e 5 
14 Ë 8 : 5 
15 5 5 
16 5 5 Ô 
Cross B 6 
1 5 5 5 , 56 
2 8 Ee) EG : 
3 5 EE) 0) e 
4 5 = 3 À 5 
5 5 ie p 
6 : 5 5 5 
7 5 : 5 5 5, 
8 Ni 5 DS) Er! ee 
9 5 ib EE: Aa 6 
10 5 7 8 
11 : 8 à n 5 
1 5 5 5 
IS) 5 5 5 
14 e r 9 
15 5 8 . 5 
Cross B 7 
À Ie . 
2 5 3 hat 
3 5 : 8 € 
4 5 if fs 
5 8 8 
6 ej 7 5 
7 3 5 3 = 
8 5 5 Ô 5 
9 En 5 5 enn 
10 É 
11 8 . . 
12 : 5 
13 e ° 3 
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TABLE 2. (CONTINUED) 


d En Erg 


Races of Phytophthora 
Plant 
| 4 1.2.4 1.3.4 DSA WA! 
| 
Cross B 8 
1 9. 
2 9. 
3 RR 
4 
5 
6 
7 
8 
9 
10 
1 
12 
13 
(Cross B 10 
3 5 . 
4 5 . 
5 5 . 
6 : © 
7 0 7 
8 5 8 5 
9 5 . 
10 5 je u 5 
11 8 D : 8 
12 e 4 
13 8 5 8 5 
14 8 7 8 5 
15 8 . 
16 e 


A third test was made in 1959, partly with seedling clones of the B-crosses, partly 
with new material. The results are recorded in table 3. 

It is interesting to note that the B-clones selected in 1958 for a high degree of re- 
sistance show hardly any conidia, while among the random material collected by 
Dr. HAWKES a relatively strong growth can be observed on some clones though others 
are completely free from Phytophthora. 


Solanum polytrichon 

From this species belonging to the series Longipedicellata some material of the 
C.P.C. was already tested in 1958. Part of this material has been inoculated again 
in 1959 and in addition three clones from the province of Zacatecas (Mexico), col- 
lected by Dr. HAWKES. The results of these experiments (table 4) show a high level of 
resistance. In fact a reasonable development of conidia only could be observed on the 
clones C.P.C. 2330-1 and -2 and C.P.C. 2311 when inoculated with race 4. With 
these clones no conidia were discovered when spraying with suspensions of the other 
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TABLE 3. RESULTS OF TESTS WITH CLONES OF S. bulbocastanum IN 1959 


Number Races of Phytophthora 
Plant number leaves 
tested 4 1.2.4 1.3.4 2.3.4 1.2.3.4 
Material of SERVIN 
BASSO B ae 2) 0 0 0 0 — 
VOSSEN. renee de 0 0 0 0 0 
BEA LOST te 3 0 0 0 0 0) 
(OSE re ER en HE 0 0 0 0 0 
Bes Oml059 rn cape en Dj (0) 0) 0 0 0) 
1958 dns 0 0 (0) 0 0) 
Bie JOS bren ns 9 0 0 0 — — 
1958 an te haren (0) — 0 (0) 0 
B8= 2105 raare erde fa 3 (0) 0) 0 0 0) 
(OEL ENEN OPDE (0) 0 0 0 0) 
BSE IOS me edn dee 3 0 (0) 0 (0) 0) 
(OSS rde aen 0 0 0 0 0) 
Material from Dr. HAWKES 
1627taam Morelos sr AR 2 0 0 0 — 0 
b Ke orb erder 2 0 0) 0 0 0) 
subspec. dolichophyllum 
1628 Morelos ne tt 3 + — — Te == 
1637 a Net 2 0 0 0 — + 
b A Meter 2 0 0 0 me 0 
1938 a Baja Verapaz ... 2 0 EN 0 + Ee 
b Baja Verapaz ... 2 0 0 0 0 0 


races. As this behaviour strongly deviates from what should have happened according 
to experiences with derivatives of demissum-tuberosum backcrosses, the experiments 
were repeated with six leaves, using the races 4 and 1.2.3.4. The results were the same. 


TABLE 4. RESULTS OF TESTING CLONES OF S. polytrichon 


Races of Phytophthora 


Clone 4 1.2.4 1.3.4 2.3.4 1.2.3.4 
C.P.C. 2305 1959 0) 0 0 0) 
1958 -E 0) 0) 0 
C.P.C. 23301 1959 + 0 0 0 0 
C.P.C. 2330-2 1959 + 0) 0 0 0) 
C.P.C. 2311 1959 + 0 (0) 0 0) 
1958 0) 0) 0 0 
1461 a Zacatecas 1959 0) 0) 0) 0) 0) 
b ui & fo5n 0 0) 0 0 0) 
1465 nekte195D (0) 0 0 0 0 


In addition to S. polytrichon itself, several hybrids of this species crossed with some 
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„elones of the very susceptible cultivated diploid S. goniocalyx have been tested. The 
results (table 5) show a little more development of the fungus. 


TABLE 5. RESULTS OF TESTING A SERIES OF F,-PLANTS OF THE CROSS S. polytrichon X S. goniocalyx 


Plant Cross combination Races of Phytophthora 
number S. polytrichon S. goniocalyx 4 METALEN SANT DES EA 
91 GP:C52305 W.A.C. 175 &) 0 0 SE 0 0 

—2 GP:C22305 W.A.C. 175 0 0 zE 0 (0) 
11 CP:C12305 W.A.C. 175 zE 0 0 (0) 0 
12-1 CPICH2308 W.A.C. 175 0 0 sE 0 (0) 

—_2 GPCR2308 W.A.C. 175 0 0 SE — 0 

—3 C.P.C. 2308 W.A.C. 175 (0) (0) 0 0 (0) 
131 CPRICRZ308 W.A.C. 644 0 0 sk zE 0 
14-2 GPC 2308 W.A.C. 695 0 — 0 0 0 
151 C.P.C. 23104 W.A.C. 644 0 0 (0) 0 0 

2 C.P.C. 23104 W.A.C. 644 — 0 SE 0 (0) 
161 C.P.C. 2450 W.A.C. 644 En ie ci 0 (0) 

2 C.P.C. 2450 W.A.C. 644 0 ie zienin el = 

4 C.P.C. 2450 W.A.C. 644 ane darse | SE el ir 


1) W.A.C. = Wageningse Aardappel Collectie (Wageningen Potato Collection). 


It is a pity that most polytrichon parents were not available for testing. The profuse 
conidial development on the leaves of cross 16 suggest that C.P.C. 2450 may be rather 
susceptible. 


Other species 
The results of inoculation of the remaining species are given in table 6. 


DISCUSSION 


Points of general interest 


Ás mentioned the races have been repeatedly tested and purified on a series of 
differential hosts and therefore can be used to prove the presence or absence of R 
genes. Yet in several groups of species one hesitates to do so as in many cases the 
development of conidia is extremely poor. The question arises whether such poor 
growth really can be evaluated as proof of the absence of the corresponding R gene. 
The author showed (Toxopeus, 18) that despite the presence of the gene R; some co- 
nidia of a non-pathogenic race can be observed on necrotic spots and probably this 
holds true for all R genes and their combinations. 

For this reason conidial development indicated by — cannot be taken as evidence 
of the absence of the R gene and even the meaning of the indication + seems very 
much a matter of conjecture. 

In addition it seems very well probable that the poor development of the parasite 
is caused by some combination of minor genes for resistance in the plant or — as a 
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TABLE 6. RESULTS OF TESTING Solanum SPECIES NOT MENTIONED IN THE FOREGOING TABLES. PER CLONE 
TWO OR THREE LEAVES WERE INOCULATED 


Races of Phytophthora 
i Origin * 
Dn La 4 [124] 1.34 | 234 [12.34 
Demissa 
S. brachycarpum __ 1547 a Jalisco dE 0 ze 0 de 
b ED Se 
S. semidemissum 1675 a Distrito Federal 0 0 == 0 — 
b 0 0 Je 0 me 
1676 a (0) 0 0 0 0 
0 0 0 0 0 
Cardiophylla 
S. cardiophyllum 
1402 a Queretaro — 0 — 0 0 
1598 a Mexico 0 0 0) (0) (0) 
1640 a Puebla — En + 0 — 
b sin En + 0 (0) 
lanciforme 1 Distrito Federal 0 -H dt | H+ + 
(C.P.C. 40.6 Xx 40.7) 2 0 0 0 4e SE 
S. ehrenbergii 1440 a Guanajuato - a — ++ - 
b inn zi Sinti zin 
1458 a Aguas Calientes — — — + — 
1459 b 0 3E Ei zE DE 
1462 a Zacatecas 0) + — + + 
b 3E 0 0 ian zin 
1466 a 0 0) — — == 
b 0 ai zin IE ze 
1492 a Jalisco 0) + + + + 
b = EE zi in zi 
1494 a (0) 0 + + + 
b 0 0 0 + SE 
S. sambucinum 
GP CH 12 dE ie Le Sp Ees 
1438 a Guanajuato ++ 0) — — = 
b seh zn an ie = 
1668 a Queretaro + + + JH in 
b Sins de SE iele sr 
Longipedicellata 
S. fendleri 1157 a 
1172 a-b U.S.A, New Mexico 
1173 
1174 a-b te tete U teante a estt NKe N 
1180 U.S.A., Arizona 
1204 
1210 b 
„„papita’”’ 1473 Durango + 0 0 0 0 
S. stoloniferum 1452 a Guanajuato dd | Ht | te | | Ht 
b 0 de + 0 ig 
S. vallis mexici 1673 a Distrito Federal dk | Ede | | SEE 
b IE + al Elaine ze 
1672 0 (0) 0 (0) 0) 
Pinnatisecta 
S. jamesii 1201 a U.S.A, Arizona Ht It Ht | Ht | 4 
1212 a near Eeseledeel 
S. michoacanum 1517 b Michoacan 0) 0 + (0) + 


1) in most cases states of Mexico 
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counterpart — by an inherent weakness of some of the races as has been reported to 
occur (SCHICK und ScHrck, 14). 

In their discussion BLACK and GALLEGLY (2) also are rather evasive stating that 
“the reactions of certain progenies of S. bulbocastanum, S. pinnatisectum, S. polyade- 
num and S. stoloniferum suggest that these species may also possess major genes 
corresponding to the R genes in S. demissum” and that “it is not possible at this stage, 
however, to determine whether such genes in the different species are identical”. 
Considering that “the reactions exhibited by many progenies showed that various 
levels of field resistance were present” they conclude that “it appears possible for the 
two different forms of resistance (hypersensitivity and field resistance) to mask each 
other and to render difficult their individual assessment without recourse to breeding 
experiments”. 

It is obvious that the difficulties encountered by these authors are exactly the same 
as mine when trying to give an interpretation of the results of the above experiments. 

In several cases races of a lower order in the international system developed by 
BLACK, ef al (1) produce a good conidial growth whilst related races of a higher order 
do not. A survey of these incidences in which race 4 gives at least the reaction + + or 
+ is given below. 


TABLE 7. INCIDENCES OF DEVIATIONS FROM THE INTERNATIONAL SCHEME DESIGNED BY BLACK, ef al (1) 


Races of Phytophthora See 
Clone BBL 
4 1.2.4 1.3.4 DEE IDE 
S. polytrichon C.P.C. 23301. .... + 0 0) 0 0 4 
GPC 823302 A ret on EE 0 0 0 0 4 
GING ARNE erde + 0 (0) 0 0 4 
S. pol. X S. gon. A + IE ie 0 0 5 
S. cardiophyllum LAO2 TEE rans + 0) -E 0 0 6 
1640 a. de ze + 0 — 6 
b A EPEN en + zie: ii 0 0 6 
S. ehrenbergii TAODD Erens + 0 0 esn de 6 
S. fendleri “papita’’ ETE wen + 0) 0 0) 0 6 
S. sambucinum (438P ar: Bent sed 0 — se = 6 


This deviation can be explained by suggesting that the “higher” races do not 
produce conidia because they are too weak or, that the plants possess a set of genes 
other than those for hypersensitivity (R) and which prevent these races from showing 
their effect. 

Although it cannot be proved that the first explanation does not hold true, it seems 
quite improbable since each of the four “higher” races has produced under completely 
comparable conditions a dense cover of conidia in some material. It ís apparent that 
no satisfactory explanation of these deviations of the rule can be given at the moment. 

It is interesting to note that GRAHAM, NIEDERHAUSER and ROMERO (3) were faced 
with the same kind of difficulties in the species S. bulbocastanum. They isolated the 
races 4, 2.4 and 3.4 from seedlings of this species which were resistant after inoculation 
with race 1.2.3.4 and suggest “that genes quite distinct from those of S. demissum 
may be discovered in this species.” Itis suggested “that the present international system 
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of nomenclature for races of P. infestans should eventually be revised to include the 
race possibilities that may ultimately occur in species such as S. bulbocastanum, S. 
cardiophyllum, S. pinnatisectum and other Mexican diploids.” 

These observations are a confirmation of mine; however, since the present system 
is very logical and convenient no revision should be tried before the above deviations 
have been studied more in detail. To prevent confusion it seems very much worth 
considering not to publish any suggestion in this direction but after thorough con- 
sultation of colleagues as has been done so very fruitfully by BLACK, MASTENBROEK, 
PETERSON and Mis (1). 

Among the series Cardiophylla there are several plants which show more or less 
conidial development when inoculated with the “higher” races and not when sprayed 
with sporangia of race 4. From their reaction on the higher races these plants cannot 
contain the genes R‚, Rs and Rs. Also R‚ cannot be present because race 4 would 
produce conidia on R‚-plants. 

The assumption that an index x has to be added to all races except 4 can give an 
explanation, provided that the plant contains the gene R‚. This may appear from the 
following table. 


Races of Phytophthora | _ 4 [dad el voka ino 23 Ara le B 
Conidial development | | | 
on genotype Rx 0 | + EE ig zE 


These suggestions are still in line with the international scheme and if they are 
allowed it follows that plants that show no conidial growth after inoculation with 
all the above races, must be in possession of still another gene: Ry. 

This holds for several plants of S. bulbocastanum and S. polytrichon, for S. semi- 
demissum 1576 a and b, S. cardiophyllum 1598 a and S. vallis-mexici 1572. 

Although on the basis of the outcome of several inoculation-experiments one could 
suppose the presence of certain R-genes, one has to keep in mind that these genes 
(R‚, Ro, etc.) have been extracted from S. demissum and studied in backcross-gene- 
rations of this species with S. tuberosum. 

Proof of the identity of these genes occurring in other species only can be delivered 
in genetical experiments, when regularly segregating progenies of crosses with the 
demissum-tuberosum backeross-hybrids can be obtained. As far as can be judged at 
the moment it is highly improbable that such progenies ever will be obtained. 

As the hexaploid species S. demissum must have derived in one way or another 
from species with a lower number of chromosomes, it is highly probable that R-genes 
identical with those of S. demissum occur in other species also. However, it is as well 
possible that certain groups of species contain a different set of R-genes or even that 
in such species genes for resistance have come to the fore during their evolution that 
are principally different from those of S. demissum. 

Whatever the case may be it is evident that there is a store of resistance in the 
Central-American and especially in the Central-Mexican Solanum species, which is 
of much importance for potato-breeding work. 
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From the above tests it is obvious that Sol. bulbocastanum possesses a high degree 
of resistance against Phytophthora infestans. It is not clear whether genes for hyper- 
sensitivity play the most important role or others for field resistance. By selection in 
a population the resistance can be raised substantially. 

REDDICK (13) and HAWKES (5) already mention this species as a possible source of 
resistance. NIEDERHAUSER and Mits (12) were the first to study it more in detail and 
state that in the Toluca valley under extremely favourable conditions for infection 
no positive record of late blight has been made on this species, suspicious lesions 
have failed to yield conidia or cultures”. 

BLACK and GALLEGLY (2) sprayed some few young seedlings and observed some 
susceptible plants. From their data it is not clear to what extent these plants were 
damaged. Spraying the seedlings of several B-crosses (table 1) probably gave comparable 
results. 

By far the most extensive studies have been made by GRAHAM, NIEDERHAUSER and 
SERVIN (4). They inoculated over a thousand young seedlings from several interclonal 
crosses. Two opposite leaves of each plant were inoculated with small pieces of ab- 
sorbent cotton, dipped in a zoöspore suspension of two provenances of race 1.2.3.4 
resp. from Canada and from Mexico. 

The seedlings were placed in a moist chamber at 20°C for 36 hours and afterwards 
they were transferred to a greenhouse at 20-25°C. Four days after inoculation read- 
ings were made. 

The authors distinguish between “immune” when no lesions of any kind are ob- 
served, “resistant” which is expressed by pinpoint or dendritic lesions with no pro- 
duction of spores, and “susceptible”, indicated by large necrotic areas producing 
some spores after placing in Petri dish moist chambers. 

About 70% of the seedlings was immune to both provenances and about 25 % 
immune to one and resistant to the other or resistant to both. Only about 5% were 
susceptible to one of them and less than 1 % susceptible to both. 

Of these seedlings 743 were successfully planted out in the field of the Santa Elena 
Experiment Station in the Toluca valley, where they were exposed to an epiphytotic 
of late blight. They have been classified into six field resistance classes used by MirLs 
and NIEDERHAUSER (11) according to the damage done.) 

When comparing the reactions in the field with those obtained in the inoculation 
experiments only a weak correlation can be observed. In table 7 their data have been 
arranged according to percentages. 

From these data it appears that the groups 1 and 2 are identical in reaction in the 
field. Unfortunately group 3 is too small for comparison; however, it shows the same 
trend. Groups 4 and 5 are very much alike and differ from the foregoing groups in. 
that plants from class 3 are rather frequent. A small number of very heavily damaged 
plants occur. The groups 6-9 are extremely small and as a whole their infection on the 
field is quite serious. From the susceptible plants GRAHAM, NIEDERHAUSER and 
ROMERO (3) isolated the races 4, 2.4 and 3.4 and it appeared that these plants were 


1) 0 = nolesion, 5 —= killed. 
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TABLE 8. TABLE 4 OF GRAHAM, NIEDERHAUSER AND SERVIN (4, PAGE 47), IN PERCENTAGES 


: Frequency distribution (%) 
Reaction to races 1.2.3.4 bni je A Je Numbeeldd 
Groups Inoculation experiments Sal seedlings 
observed 
of Canada of Mexico 0 1 2 3 4 5 

1 immune immune 21 32 | 40 6 1 0 493 
2 immune resistant 232 2e ASO 0 0 94 
3 immune susceptible 20 | 30 | 40 | 10 0 0 10 
4 resistant immune (Selle 0 ESI 3 4 69 
5 resistant resistant TONE Oer SO ZS 4 5 53 
6 resistant susceptible 8 187155 0 9 0 11 
4 susceptible immune 0 0 |} 50 | 50 0) 0) 2 
8 susceptible resistant 0 Omi SOmnm0 0 0 2 
9 susceptible susceptible 0 0 | 50 0) 0 | 50 4 


immune from race 1.2.3.4. As already mentioned, genes distinct from those of S. de- 
missum may be discovered in this species. 

From what is known of the variation of Phytophthora infestans in the valley of 
Toluca it is clear that for unknown hypersensitivity genes, resistance breaking races 
of the parasite very well may be of common occurrence. As nevertheless the majority 
of the plants were only slightly infected or not at all, the existence of other genes pro- 
ducing a strong line of defense (field resistance) is very probable. 

It is interesting to note that in the Toluca valley plants grown from tubers show 
much less lesions than those grown from true seed. 

As noted by several authors S. bulbocastanum is a very difficult species for cross 
breeding. 

According to the literature (HAWKES, 7) successful crosses only have been made 
with S. trifidum, S. pinnatisectum and S. cardiophyllum. SWAMINATHAN (16) reports 
that in the cross-combination S. pinnatisectum X S. bulbocastanum the pollen of the 
latter species does not germinate. This pollen-stigma incompatibility was overcome 
by applying a drop of an agar-sucrose-gelatin medium to the decapitated surface of 
the style. After pollination the cut style was covered with a piece of moist cotton wool. 

At Wageningen we succeeded in getting the hybrids S. bulbocastanum X S. jamesii 
and S. bulbocastanum X S. sambucinum. Many other cross-combinations failed as 
may appear from the survey in the tables 9 and 10.1) A large number of crosses has been 
made and when possible several clones of one species have been used to cope with the 
possibility that incompatibility genes might prevent the growth of pollen tubes as may 
have been the case in the experiments of SWAMINATHAN. The decapitation technique 
has not been used. 


TABLE 9. RESULTS OF CROSSES MADE WITH $S. bulbocastanum AS MOTHER PLANT 


Species used as NOribsr or Clones Number of cross | Number of berries | Number of seeds 
pollinaters of S. bulbo- pollinations obtained obtained 
castanum 
Tuberosa (cultivated) 
S. ajanhuiri _’58 2 7 0 0 
S. goniocalyx °58 4 29 0 0 
S. stenotomum’58 1 6 0 0 


1) See note under table 11. 
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TABLE 10. RESULTS OF CROSS POLLINATIONS MADE IN 1958 AND 1959 WITH DIFFERENT CLONES OF S. bul- 


bocastanum AS POLLEN PARENTS 


4 Number Number Number Number 
Species used as motherplant of clones of cross of berries of seeds 
mother species pollinations obtained per berry 
Cardiophylla 
S. cardiophyllum 1640 ’59 1 32 U 37 
S. sambucinum C.P.C. 2312 ’58 1 243 34 34 
1668 ’59 18 j] 4 
Pinnatisecta 
S. jamesüi C.P.C. 1439 '58 44 1 26 
1201b ’59 dl 0 0 
122 59 75 19 0.6 
S. michoacanum 1541 ’59 2) 0 0 
Commersoniana 
S. chacoense ?2n —= 24’58 + ’59 8 1,203 0) (0) 
2n = 48 ’59 8 684 0 0 
S. commersonii ’59 2 24 0 0 
S. tarijense C.P.C. 12 #98 3 446 0 0 
Demissa 
S. brachycarpum 1547 ’59 28 0 0 
S. demissum ’58 5 115 0 0 
S. semidemissum 1676 ’59 1 18 0 0 
Longipedicellata 
S. stoloniferum 1452 °59 1 66 0 (0) 
S. polytrichon ’59 8 491 0) (0) 
Cuneolata 
S. infundibiliforme ’58 1 8 0 0 
Megistacroloba 
S. megistacrolobum ’58 2 33 0 (0) 
Tuberosa (cultivated) 
S. ajanhuiri ’58 5 16 (0) 0 
S. stenotomum ’58 2 221 0 0 
S. tuberosum subsp. 
tuberosum ’58 + ’59 11 538 0 0 
S. tuberosum subsp. andigena ’59 3 28 0 0 
S. tuberosum (demissum 
backcrosses 259 9 300 0 0 
Tuberosa (wild) 
S. bukasoviüi ’58 2 12 0) 0 
S. maglia C.P.C. 2075 ’58 1 168 0 (0) 
S. simplicifolium ’58 1 44 0 0 
S. sparsipilum Hawkes ’58 4 115 0 0 
S. soukupii ’58 2 153 0 0 
S. sucrense C.P.C. 1732 ’58 3 148 0 0 
S. vernei ’58 6 161 0 0) 
Species hybrids 
S. acaule X S. demissum ’58 3 63 5 0 
S. ajanhuiri x S. chacoense 58 2 217 0 0 
S. stoloniferum X S.demissum ’58 D 32 0 0 
S. stoloniferum X S.phureja °58 6 40 0 ö 
S. stoloniferum Xx S. chacoense 
(amphidiploid) ’58 1 67 0 0 
S. curtilobum X S.tuberosum ’58 7 50 0 0 
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Solanum polytrichon 


This tetraploid species belonging to the series Longipedicellata is represented by 
5 provenances and on an average it shows even more resistance than S. bulbocastanum. 
Without breeding experiments it is impossible to know whether R genes are responsible 
for the lack of conidial development and if so, whether these R-genes are different 
from those in S. demissum. 

BLACK and GALLEGLY (2) inoculated large samples of young seedlings from three 
introductions of this species (or of S. boreale). Of one sample all seedlings were re- 
sistant to the races 1.3.4 and 2.3.4 and susceptible to 1.2.3. and 1.2.3.4, indicating 
the presence in homozygotic condition of respectively the genes R, and R‚. The two 
other lots segregated in resistant and susceptible for all races, indicating some degree 
of heterozygosity. As stated by the authors “it is not at all clear whether all plants 
that have been registered as being resistant really belong to the hypersensitivity class 
and in addition it is very well possible that existing clear mendelian ratios are masked 
by the effect of a complex of genes for field resistance” 

NIEDERHAUSER and Murs (12) mention the species Solanum boreale to be suscep- 
tible in the field. According to HAWKES (6) the name S. boreale is a nomen dubium 
and according to him these plants and those of BLACK and GALLEGLY (2) belong to 
the species S. polytrichon. 


S. polytrichon offers more possibilities for cross breeding than S. bulbocastanum. In 
our experiments healthy growing F‚-plants have been obtained in crosses with S. 
chacoense and S. goniocalyx. Both groups of hybrids, however, are completely sterile. 

By doubling the chromosome number F‚-plants of the cross with S. chacoense have 
been obtained that are very fertile with S. tuberosum. With the aid of S. chacoense 
as a bridging species a start has been made with a breeding programme aiming at the 
combination of genes for resistance derived from S. polytrichon with those for com- 
mercial characters derived from S. tuberosum. It would be better if S. goniocalyx 
could be used in the same way since this species is cultivated and closely related to 
S. tuberosum. A sufficient quantity of F‚-seeds has been harvested in 1959 for further 
trials. 

The results of crossing experiments of 1958 and 1959 are presented in table 11. 


Other species 


The series Demissa is represented with a few provenances; only S. semidemissum 
1576 seems to contain many R-genes. The conidial development on the leaves of S. 
brachycarpum is poor, indicating a certain degree of field resistance. 

S. demissum was not in this collection. From several studies it is known that there 
is a large variation in this species, from lines that are very susceptible to all races to 
matefial that is not attacked by any. A large collection of provenances has been 
studied some years ago by Mr. SCHNIEDERS (15) and among them many were resistant 
to all races used in my work. 

The three species of the series Cardiophylla vary widely in their reaction to the races 
as well as in their degree of field resistance. There occur deviations from the inter- 
national scheme. 

NIEDERHAUSER and Mirrs (12) made observations on S. cardiophyllum in the Toluca 
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TABLE 11. RESULTS OF CROSSES MADE IN 1958 AND 1959 WITH SIX DIFFERENT CLONES OF S. polytrichon E) 


$. polytrichon pollen plant S. polytrichon mother plant 
Other parent species Number Number Number Res Number Number Number OE 
of Eid of seeds of heee of seeds 
clones ET berries hen clones Doll berries Ee) 
Bulbocastana 
Smbulbocastanums te Pit. 8 491 0 Ope 
Cardiophylla 
Sscardiophyllunt „en 1 15 0 (0) 
Smehnenbergiijg ast hie 1 40 0 0 
Pinnatisecta 
| RSWANESIM En eend ln SA Be 2 11 0 0 
Commersoniana 
S. chacoense 2n —= 24 6 290 63 51 2) 62 32 57 
2n — 48 6 368 40 3 
KSLAPJENSe …. 3 s1 0 0 
Demissa 
Sbrachvearpume …-…. . at 1 42 0) 0) 
Longipedicellata 
SMELT ANN voete ME IEEE: 6 109 40 50 4 20 4 60 
Smssoloniferums. Jente se 1 14 3 122 
Stlaxcalense(4n?) .. … 1 29 3 6 
BSVALES-MIEKICH oe en de 2) 102 0 (0) 
Tuberosa (cultivated) 
S. ajanhuiri 1 6 0 0 
S. goniocalyx .. 6 153 30 90 3 49 17 8 
S. stenotomum NEER 4 39 8 79 3 38 12 14 
S. tuberosum subsp. tuberosum 6 384 136 (0) 6 466 35 0 
demissum backcrosses . 3 40 11 (0) 
Tuberosa (wild) 
SRDELPNAU bl ven oen 1 66 0) (0) 
‚S. multidissectum 1366. . ... 1 2 0) 0) 
S. multidissectum 1407 .. . .. 1 31 12 83 
S. sparsipilum2n = 24 .... 1 19 0 0 
S. sparsipilum2n = 48 …….. 1 4 0 0 


1) All crosses were made without bagging; the flowers of the self-compatible species were 
emasculated, those of the self-incompatible diploids were not. Though the glasshousses were sprayed 
‚_with insecticides at regular intervals, the possibility of spontaneous insect-pollination cannot be 
completely excluded. From each cross combination from which seed was harvested a sample of 
‚ seedlings was raised and thecross has been entered in the tables only when hybrids were recog- 


‚_nized. 
Ï 
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valley. According to them lesions are not common, slow-growing and necrotic, with 
a thin sporulating margin. No clone was observed to be subject to a severe attack. 
Á culture of Phytophthora was isolated with some difficulty and inoculations on com- 
pletely susceptible potato varieties failed, this failure being attributed to the absence 
of zoöspores. 

In the above experiments some of the clones of this species show a dense cover of 
conidia with several races of the parasite. Observations of GRAHAM, NIEDERHAUSER 
and ROMERO made in 1959 agree with mine. Of five clones growing in the Toluca 
valley in the course of July, August and September, two succumbed entirely, one was 
only moderately damaged and two showed no blight at all. 

Among the Pinnatisecta both clones of S. jamesii are highly susceptible to all races. 
NIEDERHAUSER and Mis (12) state that S. jamesii is susceptible in the field. GRAHAM, 
et al (4) made observations on five clones of this species on the experimental field 
Santa Elena in the Toluca valley. On one of them only a few lesions could be observed 
and four were slightly infected. 

The one clone of S. michoacanum may contain the genes R, and R3 and shows some 
degree of field resistance. 

The series Longipedicellata contains 8 provenances of the species S. fendleri of which 
seven are full recessive and very susceptible. The provenance “papita’”’ shows a high 
degree of resistance though its spectrum does not allow of a clear-cut conclusion as 
concerns the presence of R genes. It is interesting to see that all susceptible clones are 
derived from New Mexico and Arizona while “papita’”’ is collected on the border of 
the Mexican states Durango and Zacatecas, about 800 km more south. In this con- 
nection the remark of HAWKES (8) that north of the tropic of Cancer there is less 
resistance to Phytophthora than south of this line, is interesting. 

There may be some correlation with climatic conditions; possibly the northern 
regions of Mexico and adjoining regions in the U.S.A. are too dry for Phytophthora 
and consequently genes for resistance, being of no value, do not come to the fore. 

Of S. stoloniferum there are a few clones only: two full recessives which are very 
susceptible and one may contain the gene R‚. Of three plants of S. vallis-mexici one 
is resistant to all races and two are fully recessive and highly susceptible. 


SAMENVATTING 


Onderzoekingen over de resistentie tegen Phytophthora infestans bij wilde knoldragende 
Solanum soorten 


Een groot aantal wilde knoldragende Solanum-soorten en variëteiten is op hun 
resistentie tegen de physio’s 4, 1.2.4, 1.3.4, 2.3.4 en 1.2.3.4 van Phytophthora infestans 
onderzocht. 

De soorten, welke in dit onderzoek zijn betrokken, zijn afkomstig uit Midden- 
Amerika en de Noord-Amerikaanse grensstaten, Nieuw Mexico en Arizona. In 
hoofdzaak betreft het materiaal, dat door Dr. HAWKES in 1958 op zijn expeditie door 
deze gebieden is bijeengebracht. 

Een bijzonder hoge mate van resistentie is gevonden in de beide soorten bulbocasta- 
num en polytrichon. Vermoedelijk bezitten beide een hoge graad van veldresistentie, 
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‚ waardoor het moeilijk is conclusies te trekken ten aanzien van de aanwezigheid van 


de R-genen voor overgevoeligheidsresistentie. 


Deze ervaringen en de gegevens welke daarover in de literatuur zijn vermeld wijzen 
er wel op, dat beide soorten waardevol zijn als bron van resistentie voor het verede- 


‚ lingswerk. Helaas is S. bulbocastanum niet of slechts met zeer veel moeite in een krui- 


singsschema te betrekken. In de tabellen 9 en 10 zijn de ervaringen samengevat van 


‚ de pogingen, welke daartoe in 1958 en 1959 zijn gedaan. De soort S. polytrichon lijkt, 


zoals uit tabel 11 mag blijken in dit opzicht aanmerkelijk meer perspectieven te bieden. 

In enkele gevallen passen de uitkomsten van de toetsing met verschillende physio’s 
niet in het internationale schema, zoals dat door een groep onderzoekers in onderlinge 
samenwerking voor de relaties tussen de genotypen van de waardplanten en die van de 
parasiet is opgesteld. Dit behoeft geen verwondering te wekken, daar het schema op 
grond van de uitkomsten van onderzoekingen aan kruisingen tussen de soort Solanum 


‚ demissum en S. tuberosum is opgebouwd. In andere soorten komen kennelijk nog 


andere genen voor. 

Enkele gevallen kunnen worden verklaard door het schema van oorspronkelijk vier 
verschillende R-genen voor overgevoeligheidsresistentie uit te breiden tot zes. Andere 
gevallen kunnen echter niet door deze eenvoudige en niet principiëele wijziging van het 
schema worden verklaard. Voor de oplossing van dit probleem is verder genetisch 
onderzoek noodzakelijk. 
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ABSTRACT 


The author describes several breeding experiments with broad beans (Vicia faba 


var. major L.) conducted over several years. 


Apart from local varieties a few selections were included in the trials. In the last 
few years a number of plants were bagged and the progenies carefully selected. 

The trials learned that the best procedure of maintaining the productivity level is a 
continuous positive selection in local varieties by increasing the best plants only and 
keeping the material as pure as possible. If selection is discontinued for one year only, 
the yield immediately falls back to its original level. 


INTRODUCTION 


Greece is part of the mountain range surrounding the Mediterranean which, ac- 
cording to VAvILOv (39), includes the mediterranean gene centre. In this arae the 
large-seeded bean Vicia faba var. major has been grown for many centuries, even since 
prehistoric times. It has been an important source of human food since biblical times 
(14) and “Kyamos Hellinicos’ (broad beans from Greece) are known as a national 
hellenic crop since the Bronze era. It is mentioned by HOMER as a crop with black 
seeds. 


From classical times this crop is known for its quality to enrich the soil with nitrogen 
which is fixed from the air by micro-organisms. It has been widely used for food, 
equalling cereals in importance. The crop was dedicated to some God whose nameday 
was celebrated in June by the inhabitants of Athens (1). In Greece it was also used for 
ballot purposes, putting the seeds as white and black “bullets” in the ballot boxes. 
In Macedonia it was also grown for green manure to be ploughed under. 

From Greece and the other Mediterranean countries the crop was spread over 
North-West Europe, as far as Scandinavia. The seeds are used there for human food 
both in green and mature condition. Before the discovery of America it was the only 
edible bean in those countries. The seeds contain 2} times more protein than oats. 

For these and other reasons broad beans take a particular place among the culti- 
vated crops. This was already recognized by Pythagoras who stated that “kyamos’” 
(broad beans) were thought to be animated by human souls (24). 


Since the agricultural research work was started in Greece (1933) broad beans have 
been included in trials (26, 27, 28, 29, 30, and 31). 
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For the investigations reported here 284 commercial varieties were grown, 184 of 
them being derived from different provinces of Greece; 100 have been imported 
from other countries, mainly from Hungary, England, Italy and Morocco. In addition 
185 selections were included, derived from the most productive populations, of which 
Ky-128 has been grown for many years. 

All this material was grown at Larissa and in other places: 21 trials were laid out, 
15 of which at Larissa, 5 in Northern Greece and 1 in the South. 


From 1954 onwards the trials with Vicia faba have been incorporated in the general 
experiments of the section Viciae, including lentils, vetch, peas, grass peas (Lathyrus 
spp. cicera, sativus and ochrus) and chick peas (Cicer arietinum). The experiments were 
carried on until 1959, when 223 of such mixed trials were worked out, 62 of which at 
Larissa and 161 in other regions of Greece. 


2. SELECTION KY-128 COMPARED WITH LOCAL VARIETIES 


In the experiments a tendency to equalizing yields has been noted in the varieties 
compared. This yield balancing trend began soon after the trials were started and it 
continued increasingly until a stable level had been reached. Evidently here the pheno- 
menon of “maintenance of the population in a stable condition of an intermediate 
degree of heterozygosity’”” holds, as DRAYNER (5) and others have stated. 

In table 1 are given the average yields in kg/ha obtained with a commercial local 
variety from Pharsala-Thessaly and selection Ky-128 originating from a local variety 
of Thebes, all grown at Larissa in the period 1938-1953, under dry conditions. 


TABLE 1. MEAN YIELDS OF DRY SEEDS OF THE LOCAL VARIETY FROM PHARSALA-THESSALY AND KY-128 
IN KG/HA GROWN AT LARISSA IN THE PERIOD 1938-1953 


Local variety of 
Years Thessaly M-742 tr 
1938 2,295.0 +0 2,960.0 —+28.98 
1939 4.390.0 —+0 4,340.0 — 1.14 
1940 1,282.0 —+0 1,211.0, 445.54 
1942 655.0 +0 740.0 +12.98 
1943 348.0 +0 311.0 —10.63 
1944 1,172.0 +0 1,060.0 — 9.56 
1945 340.0 —+0 270.0 — 20.59 
1946 1,978.0 +0 2,019.0 + 2.07 
1947 800.0 +0 861.0 + 7.62 
1948 971.0 +0 782.0 —19.46 
1949 722.0 +0 678.0 — 6.09 
1950 979.0 +0 1.006.0 —+ 2.76 
1951 841.0 +0 711.0 —15.46 
1952 755.0 +0 735,0 — 5.16 
1953 840.0 —+0 883.0 + 5.12 
Average 15 years 1,226.0 —+0 1,238.0 —+ 0.98 


After a remarkable superiority at the beginning, Ky-128 appears to loose gradually, 


to have after 15 years an average insignificant difference of +0.98 % from the local 
variety. 
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In the plain of Messaras-Creta, under mild subtropical and dryer conditions than at 
Larissa the following results were obtained. 


TABLE 2. MEAN YIELDS OF DRY SEEDS IN KG/HA OF THE LOCAL VARIETY AND KY-128 GROWN AT MES- 
SARAS-CRETA (SOUTHERN GREECE) IN THE PERIOD 1953-1957 


Local variety of 

Years Ctela Ky-128 

1953 3,218.0 +0 2,683.0 — 16.63 

1954 168.0 +0 268.0 —65.10 

1955 1,498.0 +0 1,416.0 — 5.47 

1956 1,378.0 +0 1,482.0 + 7.55 

1957 SOE 499.00 —13.52 
Average 5 years 1,488.0 +0 1,270.0 —14.65 


The greater yield of the local variety is the result of its better ecological adapta- 
bility as compared to Ky-128, which was developed at Larissa under different envi- 
ronmental conditions. 


In the plains of Serres (Northern Greece), under more favourable conditions of 
moisture and temperature, Ky-128 had an average reduction in yield of 7.34% as 
compared to the local variety. This accounts for a greater ecological resemblance of 
Larissa and Serres as compared to Larissa versus Creta. 


TABLE 3. MEAN YIELD OF DRY SEEDS IN KG/HA, OF THE LOCAL VARIETY OF SERRES AND KY-128 IN THE 
PERIOD 1953-1957, UNDER MODERATE MOISTURE CONDITIONS, AT SERRES (NORTHERN GREECE) 


Years ed ot Ky-128 
1953 2,775.0 +0 2,670.0 — 3.78 
1954 3,278.0 +0 2,708.0 —+17.39 
1955 3,382.0 +0 3,252.0 — 3.84 
1956 4,012.0 +0 3,356.0 —16.35 
1957 7,523.0 +0 7,442.0 — 1.09 
Average 5 years 4,194.0 +0 3,886.0 — 7.34 


It is interesting to note the hybrid nature of broad beans. 


3. THE EFFECT OF SPONTANEOUS CROSS POLLINATION 


For this purpose since 1956 special trials have been carried out, using material of 
related morphological uniformity obtained after two years preliminary cultivation. 
In this material also selections were included with white seeds and of medium size. 


On November 21, 1956, 35 seeds were sown from a lot of 352 seeds as mentioned 
above, originating from the variety M-3422 Cheriata-Cephallonia, with flat smooth 
white seeds of medium size. 

In table 4 the data are given of 33 plants grown in one of the plots. A number of 
plants were bagged, from the beginning of bloom onwards. 

The remaining plants have been indicated as unbagged. 
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TABLE 4. VARIABILITY OF SOME CHARACTERS IN PLANTS SELECTED FROM THE LOCAL VARIETY M-3422 
““CHERIATA OF CEPHALONIA®’, GROWN AT LARISSA IN THE SEASON 1956/57 


Size of seeds 
amber |Het CO TANG Net weiene | Number | Needse | Lage | mog | Smal 
B es) plants | °fdryseeds | ods/plant | perplant | (GROVE | 14-28 gr. Ln 
3 2.8 gr. een 1.3 gr. 
each) each) 
1 zi 45 22 5) 9 9 
2 Kin 36 18 5) 11 11 
3 — 11 7 2 5 5 
4 — 72 51 13 31 31 
5e — 126 81 17 35 35 
6 + 63 28 8 19 19 
9) — 42 19 6 10 10 | 
8 in 24 2 1 3 | 3 
9 + Di 8 5 5 5 
10 — 64 35 11 24 24 
11 — 38 30 5) 15 15 
12 + 42 20 5 11 11 
13 — 89 61 16 32 32 
14 + 84 34 12 19 19 | 
15 — 82 58 14 29 29 
16 — 87 53 18 30 30 
17 No em! 
18 + 29 13 5 6 6 
19 Je 30 14 4 8 8 
20 + sl 21 6 12 12 
21 — 56 38 11 20 20 
22 + 58 34 7 17 17 
23 No em 
24 — 61 42 8 26 26 | 
25 -— 73 48 10 23 23 | 
26 zi 46 21 5 10 10 | 
27 30 20 4 11 Ng 
28 — 90 63 14 31 31 
29 J 54 29 9 20 20 
30 -H sl 25 4 14 14 
31 — 93 60 10 28 28 
32 + 26 13 5 7 7 
33 — 80 55 10 28 28 
34 — 716 48 10 23 23 
35 + 27 13 7 {il 11 
Total 1,863 1,084 270 583 405 175 3 
Average/plant 56 33 8 18 12 6 
Bagged 735 334 97 192 131 58 3 
Average/plant 43 20 6 11 8 3 
Unbagged 1,128 750 173 391 274 117 
Average/plant 70 47 11 24 17 U 


1) No em. in the tables means: no emergence. 
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FIG. 1. EXPERIMENTAL FIELD OF BROAD BEANS AT LARISSA, GREECE 


From the table it can be concluded that the variability of yield was as follows: 


Seed yields 


Bagged plants Unbagged plants 
Weight in grams Number of plants A Weight in grams Number of plants 6 
0 0 0.0 0 0 0.0 
1-25 13 76.5 1-25 2 12.5 
26-50 4 23 26-50 6 37.5 
51-75 1 43.7 
76-100 1 6.3 
Total 17 Total 16 
Min. and max. weights and number of pods/plant 
B 5 Number 3 k Number 
Total weight Net weight Beno: Total weight | Net weight of pods 
| 
| 
24-84 gr. 2-34 gr. | 1-12 11-126 gr. 7-81 gr. 2-18 


All the seeds harvested were white. The seeds sown were all of medium size, the 
harvest yielded seeds of small, medium and large size, with no mendelian segregation 
ratio between the numbers. There was also a wide variation in the total weight of the 
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harvested plants, the net weight of the dry seeds and the number of pods, being wider 
in the unbagged plants as compared with the bagged ones. 

Although the average yields of total weight and net weight amount to 56 grams and 
33 grams respectively, the variation was from 11 to 126 gr. for total weight and 2 to 
81 gr. for the net weight. The same holds for the number of seeds which amounted to 
18, with a variation of 3 to 35. 

It is evident that this variation occurred in the plants of the same plot, derived from 
the same uniform origin, a variation which was probably due to hybrid vigour. How- 
ever, this does not hold for all plants together, but for the individuals, and for each 
plant of the population in a different degree and in a particular way, a phenomenon 
which is generally not noticed in other crops. 


In the following season, 1957/58, the trials were set up under more uniform con- 
ditions; all the 34 seeds used were derived from the 35 seeds originating from plant 
number 5 (the best one) mentioned in table 4 (marked *). The results are summarized. 
in table 5. From this table it can be concluded that the variability of yield was as fol- 
lows: 


Seed yields 


Bagged plants Unbagged plants 

Weight in grams [Number of plants 6 Weight in grams Number of plants A 
0 1 1255 0 0 0.0 

1-25 7 87.5 1-25 0 0.0 
26-50 0 0.0 

51-75 1 1255 

76-100 2 25.0 

101-125 3 37,5 

126-150 1 125 

151-175 0 0.0 

176-200 0 0.0 

201-225 1 125 

Total 8 Total 8 
Min. and max. weights and number of pods/plant 

; : Number p é Number 

Total weight Net weight | of pods Total weight Net weight | of pods 

34-81 gr. | 0-20 gr. | 0-7 | 99-322 gr. | 58-201 gr. | 19-67 


In the first place it can be seen that a considerable number of seeds (52%) did not 
emerge, although they had been sown under the same conditions and did not suffer 
other damage. Moreover the minimum and maximum values of all the characters 
noted, bagged and unbagged, presented a wider variability than in the previous year, 
because the weather conditions were more favourable with 460 mm. rain spread over 
82 days, as compared to 363.4 mm. rain over 65 days in the year 1956/57. 

It is clear therefore that although the plants were derived from the same mother 
plant, they had not the same profit from the environmental conditions. 
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TABLE 5. VARIABILITY OF SOME CHARACTERS IN PLANTS GROWN IN THE SEASON 1957/58, RAISED FROM 
34 SEEDS DERIVED FROM PLANT NUMBER 5 OF TABLE 4 (MARKED *) OF THE VARIETY M-3422 
“\CHERIATA OF CEPHALONIA®’, GROWN AT LARISSA, BOTH BAGGED AND UNBAGGED 


Plant 
number 
of plot 
3 


Bagged (+) 
or unbagged 


\O oan RwN 
J- 


+ | 


| 


Total 
Average/plant 


Bagged 
Average/plant 


Unbagged 
Average/plant 


Total weight 
of mature 
plants 


Net weight 
of dry seeds 


137 


16 


993 


62 


94 
12 


899 
112 


Number 


o 
pods/plant 


37 


306 


1) No em. in the tables means: no emergence. 


Number 
of seeds 
per plant 


711 


Size of seeds 


Large 
(above 
2.8 gr. 
each) 


69 


10 


79 
10 


Medium 
(1.4-2.8 gr. 
each) 


38 


76 


15 
69 


11 
73 


149 


645 


Small 
till 
1.3 gr. 
each) 


21 


19 
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With an average net weight of dry seeds of 62 grams/plant, the minimum and maxi- 
mum fluctuated between O (plant number 20) and 201 grams (plant number 30). The 
colour of the seed was uniformly white, with the exception of plant number 33 which 
was brown and small-seeded. So a higher production decreased the size of seeds, al- 
though all plants were derived from large seeds. The size of seeds apparantly is subject 
to a greater fluctuation without having stable limit-values (min. and max); it is 
dependent on the influence of the environmental conditions. 

Bagging of the plants reduces their vitality and restricts the chance of variability. 
The limits of the net weights of bagged plants vary from O to 25 grams, as against 
from 58 to 221 grams in unbagged plants. Details are given in the survey of bagged 
and unbagged plants presented above in table 5. 


The trials have been continued in the season 1958/59, by sowing 35 white and 
medium-sized seeds out of 170, selected from plant number 30 mentioned in table 5. 

In table 6 the results obtained are given. 

Number of seeds sown 35. Seeds emerged 31 — 88.6%. All seeds were white. 

When the bagged and unbagged plants are compared, the following table of yield- 
variability can be composed. 


Seed yields 


Weight in grams |Number of plants 26 | Weight in grams Number of plants A 
0 0 0.0 0 0 0.0 
1-25 3 27.3 1-25 2 10.0 
26-50 7 63.6 26-50 2 10.0 
51-75 0 0.0 51-75 8 40.0 
76-100 1 9.1 76-100 7 35.0 

101-125 1 5.0 

| 
Total 11 20 


Min. and max. weights and number of pods/plant 


f 4 Number Î 5 Number 
Total weight | Net weight | of pods | Total weight | Net weight | of pods 
| 
37-137 gr. | 3-90 gr. | 433 | 55-170 gr. | 9102 gr. | 6-36 


The germination of the seeds was very good, producing a much higher percentage 
of emergence as compared to 1957/58, so that apparently the low rate of non-germi- 
nated seeds of the previous year was of no influence. The 1ninimum and maximum 
values are much the same as in 1957 and 1958, which is in agreement with the weather 
conditions being similar (462 mm rain spread over 74 days). 

The bagged plants showed a much wider variability than the unbagged plants, but 
the difference with the previous year was smaller. The size of the seeds has become 
reduced to medium and small. Similar results have been obtained in the 5 other va- 


rieties included in the trials, with a greater number of plants, both under bagged and 
unbagged conditions. 
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TABLE 6. VARIABILITY OF SOME CHARACTERS IN PLANTS GROWN FROM 35 WHITE AND MEDIUM-SIZED 
SEEDS, OF THE VARIETY M-3422 OF CHERIATA OF CEPHALONIA, GROWN AT LARISSA IN THE SEASON 


1958/59, WITH PLANTS BAGGED AND UNBAGGED 


Plant 
number 
of plot 
3 


Bagged (+) 
or unbagged 


\O EAN wN == 


ie) 
+ 


Lie 
DN 
che, 


Ne 
Go 
| 


bd 
No 
rs ke Ie on. 


Total 
Average/plant 


Bagged 
Average/plant 


Unbagged 
Äverage/plant 


Total weight 
of mature 
plants 


Number 


Size of seeds 


Net weight Number p 
orn secs | odin | sin | Goe MEE) 
9 gr. each) 1.3 gr. 
each) each) 
10 6 12 12 
26 11 22 0) 
63 15 48 48 
27 11 24 24 
22 9 26 26 
102 30 74 41 33 
59 25 51 1 50 
3 4 8 8 
90 Did 68 44 24 
80 36 89 89 
91 28 74 74 
71 28 68 13 55 
56 14 41 2 26 13 
34 10 35 3 32 
83 29 70 29 41 
19 10 26 26 
99 32 82 82 
2 9 23 7 16 
93 28 76 47 29 
27 17 
62 20 53 27 26 
26 zi [5 15 
7 30 fi) 5 12 
68 23 63 28 35 
9 10 20 20 
34 13 38 38 
61 20 55 25 30 
36 12 31 31 
67 20 53 53 
90 33 90 30 60 
39 15 33 29 4 
1,653 582 1,445 9 615 821 
55 19 47 1 20 26 
344 129 338 i/ 125 206 
31 12 31 1 11 Ie) 
1,309 453 1,107 2 490 615 
65 23 55 24 31 


Tables 7, 8 and 9 present the results obtained with M-3422 as compared to the 
other 5 varieties in the years 1956, 1957 and 1958 respectively. 
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THE POTENTIAL VARIABILITY OF VICIA FABA L. 


Table 10 summarizes the data collected in three years as far as the percentage 
decrease in yield is concerned. 


TABLE 10. AVERAGE YIELD/HA PER 120,000 PLANTS IN THE PERIOD 1957—59, AT LARISSA 
ke Ee ET EE OENE ne EA 


een Bagged (+) B yields per 120,000 Average yield 
Number Bee or unbagged plants per hectare over 3 
Ge) 1956/57 | 1957/58 |_ 1958/59 years 
1 | M-3422 tA! ge 5,359.0 8,363.0 5,557.0 6,426.0 
2 | M-3422t A! EE 2,048.0 1,953.0 3,226.0 \ 2,409.0 
3 | M-3422t.B! me 5,521.0 7,475.0 6,320.0 | 6,439.0 
4 | M-3422 t.B! ze 2,045.0 1,966.0 2.049.0 2,020.0 
5 | M-3422t.C! en, 5,374.0 5,485.0 52320 0 53640 
6 | M-3422 t.C! op 2,696.0 1,954.0 1,779.0 —_ | _2,143,0 
7 | M-3876 t A! el 4,081.0 6,466.0 5,267.0 | 5,271.0 
8 | M-3876 tA! sk 1,734.0 2,254.0 2,051.0 2,013.0 
9 | M-3861 t.A! ee 3,427.0 7,165.0 3,600.0 4,931.0 
10 | M-3861 t.A! In 1,437.0 2,140.0 1,044.0 | _1,540.0 
11 | M-4391 tA! le 4,548.0 5,818.0 5,061.0 _\ 5,142.0 
12 | M-4391 t.A! je 1,731.0 1,191.0 2,149.0 1,690.0 
13 | M-4393 t.A! ek 5,547.0 4,366.0 2,746.0 4,220.0 
14 | M-4393 t.A! dE 1,433.0 1,493.0 2,580.0 1,835.0 
15 _{ M-5777 .C! iS 4,641.0 5,444.0 | _5,795.0 5,293.0 
16 | M-5777 t.C! E 1,723.0 1,935.0 2,542.0 | _2,067.0 
Eren or od. veen gei 3,334.0 4,129.0 3,562.0 3,675.0 
+0 +0 +0 +0 
rn Re 1,856.0 1,860.0 2,177.0 1,965.0 
—44.33 — 54.95 — 38.88 —46.53 
Werelt sccrart Aedui 4,812.0 6,398.0 4,947.0 _ | _5,386.0 
| _+44.33 +54.95 +38.88 +46.53 


4. DISCUSSION 


From the results obtained with the trials it is apparent that the broad bean Vicia 
faba L. exhibits a special physiologic behaviour as concerns its adaptation to environ- 
mental conditions. Other research workers have come to the same conclusion. 

It also shows a wide variation in the percentage cross-fertilization occurring from 
year to year (Mürrer, 25). While Hear (13) estimates cross-fertilization to be an 
exception, BECKER (1) states a percentage of up to 10%. HUA (16) reports for the re- 
gions Suinin and Szecuan of China that it amounts to 32.9 %. SHEN (38) estimates the 
average percentage of natural crossing in broad beans to be 24% under field condi- 
tions at Chengtu. FYFE and BAILEY (9) come to a variation of 31.2 to 48.5 %. LEVAN 
(20) reports an average cross pollination of 45 % although he emphasizes that Vicia 
faba var. equina is essentially an autogamous plant. PrcarD (33) also mentions a 
percentage of 45% and likewise confirmed an autogamous nature of the crop in 
France. ROWLAND (35) came to the conclusion that despite the high degree of self- 
fertilization normally encountered in the field, inbreeding is superimposed by out- 
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breeding. He (36) recently reported that natural cross-pollination in commercial 
varieties was found to vary from 20 to 70%, an average of 30% being of common 
occurrence under normal conditions. 


Although the broad bean has a small number of chromosomes (n — 6), its genetic 
diversity is disproportionally wide (4). This variability may be due to a possible 
existence of modifying factors which were analyzed by Hua (15) in the case of the 
seed coat colour. It may be attributed to “operation factors” or “polygenes”, as 
stated by RowLANDS (36), possibly responsible for the incompatibility resulting in 
non-emergence of seeds (as is the case of table 5), or in some plants that produce no 
seeds, or in decreasing fertility being reduced to zero in some cases and many other 
physiological deficiences during its adaptive activities to regional conditions. 

The genetic variability is still more widened because of a pleiotropic action of the 
26 factors (stated by Sirks and cited by Mürrer, 25), most of which being multiple 
allelomorphs and governing the phenotypic expression of many morphological and 
physiological characters. 

The chromosomes of broad beans may be affected easily by environmental condi- 
tions, particularly in some sensitive stage of development. This would allow for a 
chromosomal adjustment to the milieu in a way still unknown (ForD, 7). 


As factors influencing the genetic constitution may be mentioned: 


1. Bacterial products causing structural changes of different nature, as reported 
by CARVALHO (2). HE also states that protein decomposition may be responsible for 
the production of mutagenic substances, and that organic material of the soil attacked 
by micro-organisms may play an important part in producing spontaneous mutations. 


2. The salts of heavy metals, such as iron, cobalt, nickel, copper, chromium, cad- 
mium, manganese or zinc, and more particularly the nitrates which have a detrimental 
effect on mitosis may also increase the rate of mutation and chromosome aberration 
in the root tip cells of Vicia faba. Experimental work on this aspect has been carried 


out by E. GrÄss and his colleagues at the Institute of Botany, Freiburg University, 
Germany (10, 11). 


3. There may be influence of ozone also, as reported by FETNER (6), of pure oxygen 
and of adenosine triphosphate and related compounds, as KiHLMAN and others (18, 
19) have reported, of cyanide, as reported by LirLy (21) and of X-rays as mentioned 
by Mon and WrrHrow (23) and WOLFF and LurePoLp (40). 


4, The plants may be able to control the production of DNA and by that control 
the development of various physiological and other characteristics, in such a way 
that it escapes the hereditary control. PeLc (32) and his collaborators, CHAYEN (3) 
and SCHREIBER (37) have conducted experiments on this subject. 


Finally it may be possible that through free synthesis of DNA an active selfcontrol 
of heredity is brought about so that the genes are modified by cytoplasmic influences 
(Micrie, 22). This agrees with the findings of the research workers mentioned above, 
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reported by Micme (22), who declared that this would be the beginning of a third 
stage in genetics, after the sensational experiments of J. BENorr, P. LEROY and col- 
laborators in 1957, about DNA extracted from Khaki Cambell ducks injected into 
ducklings of the Peking breed. 


5. CONCLUSION 


Ll. The best method of building up high-yielding families in broad beans is a 
continuous positive selection of local populations by increasing only the best plants 
(as indicated in the tables 4, 5 and 6 for plant numbers 5, 30 and 9 respectively) and 
their high relatives and keeping the material as pure as possible, under separate and 
clean multiplication, with very strict control. 


2. When introducing a new variety to some region it is advisable first to assess its 
qualities against those of the local varieties and then to try and fix the most valuable 
agricultural features by a rigid judgement of the offspring. 


3. Continued selection of a commercial population fails to improve the yielding 
capacity when it is discontinued for one year only, as also reported by HAYWARD (12a) 
and it leads to neutralization of the plus variants in the population. This is also clear 
from the present investigations in which the beneficial influence of the unbagged plants 
was eliminated by the detrimental effect of the bagged plants (see table 10). 


4. In addition to a continued isolation of the best material, under the given condi- 
tions of growth, also a supplementary selection of the best seeds must be maintained 
to secure a high production level. 


In summarizing it can be concluded that broad beans, because of their specific 
biological nature, constitute a valuable crop for further research, with a possibility 
of becoming even a “classical crop” for new developments in genetics. 
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SAMENVATTING 
Bijdrage tot de verklaring van de variabiliteit in Vicia faba L. 


Schrijver geeft een verslag van diverse proeven met veldbonen. 

Behalve de plaatselijk geteelde landrassen werden enkele selecties in de proeven 
opgenomen. Ieder jaar werden een aantal planten ingehuld en de nakomelingschappen 
zorgvuldig apart gehouden. 
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De proeven toonden aan dat de beste methode om het opbrengstniveau te hand- 


haven is een ononderbroken selectie in landrassen door alleen de beste planten te ver- 
meerderen en het materiaal zo zuiver mogelijk te houden. Als men de selectie slechts 
één jaar achterwege laat valt de opbrengst direct terug op haar oorspronkelijk niveau. 
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ABSTRACT 


Seed of two lucerne varieties, Tuna from Sweden and Nostrale (common) from 
Italy, multiplied in isolated stand and in the vicinity of each other, was tested in field 
trials at Perugia (Italy) and at Uppsala (Sweden). In both places distinct differences 
between the intercrossed populations Tuna (x Nostrale) and Nostrale (Xx Tuna) 
were demonstrated. The decrease in winterhardiness as compared with Tuna was very 
pronounced in the trial at Uppsala. It is concluded that the influence of volunteer 
lucerne plants in a field or in the vicinity of a seed field is economically very important 
when seed of a North European variety is produced outside the area of adaptation. 


INTRODUCTION 


Inspired by the good results obtained in seed production in Western U.S.A. es- 
pecially of lucerne varieties from the eastern parts of that country (GARRISON, 1), 
which has made possible a rapid development and use of new lucerne varieties, ex- 
perimental and demonstration work was initiated in Europe, after a decision in 1954 
by the O.E.E.C. (2). In Northern Europe there is a need for improved and adapted 
varieties of lucerne. Often valuable varieties are available for testing purposes but 
seed production is very difficult in the original countries so that only little seed is 
available in the market. When multiplied in countries with better conditions for seed 
production such varieties could be made available on a larger scale. Seed from multi- 
plication fields initiated by the O.E.E.C. was tested for changes in type at the Danish 
State Seed Testing Station. In various countries field tests for determining changes, for 
instance in winterhardiness, are also carried out. A question of interest in this con- 
nection is the influence of “volunteer plants of the same species which may be expected 
to appear either in the selected field itself or in the surroundings” (O.E.E.C., 1958). 
This paper gives some information about changes which may occur in a North Euro- 
pean variety when spontaneous crosses with a South European type of lucerne occur 


and in the South European variety when crossed in the same way with the North 
European variety. 
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EXPERIMENTAL TECHNIQUE 

In the spring of 1954 a small seed sample of the Tuna lucerne variety grown at the 
Swedish Seed Association, Uppsala, Sweden, (latitude 59°49’, altitude 18 m above 
sea level) was sent to Perugia, Italy, and sown in the experimental field of the Istitu- 
to di Agronomia (latitude 43°7', altitude 430 m above sea level). The Tuna (U 0611) 
variety was developed at Uppsala by natural selection in Franconian lucerne (R. 
TORSSELL, ÁKERBERG and B. TORSSELL, 4) and is very well adapted to central Swedish 
conditions giving a considerably higher yield and being more persistent than Grimm. 

The seed was sown in a field trial together with the Italian Nostrale (common) 
lucerne in order to compare the seed production. In 1955 1,000 Tuna plants were 
transplanted in alternate rows with the same number of Nostrale plants (figure 1) 
and seed was harvested in the autumn. Tuna produced an average of 5.065 g of seed 
per plant and Nostrale 4.990 g per plant. Thus, the seed yield of the two varieties was 
the same in this test. The seed yield of Tuna was good also in the following year. How- 
ever, important differences were noted between the two varieties in habit of growth 
and also in earliness. Tuna flowered earlier than Nostrale and also ripened a little 
earlier, while being later in spring-recovery and earlier in winter-dormancy (figure 3). 

In 1956 seed from these alternate rows of Tuna and Nostrale (in which spontaneous 
crosses between the two varieties could be expected) was used for establishing field 
trials at Uppsala and Perugia in order to compare Tuna derived from an isolated seed 
field, Tuna when crossed spontaneously with Nostrale — “Tuna (Xx Nostrale)” —, 
Nostrale when crossed spontaneously with Tuna — “Nostrale (Xx Tuna)” — and 
Nostrale derived from an isolated seed field. In Perugia the trial was sown without a 
nurse crop on a clay soil rich in organic matter on 14 April, 1956. The soil had a 
pH-value of 7.5-8; it was very rich in potassium. In the year of seeding 400 kg/ha 
superphosphate was given. The seed was broadcast at 40 kg/ha. The plot size was 
20 m? in four replications. 

In Uppsala the corresponding trial was sown on a clay soil with pH-value 7.58 on 
11 July 1956. The soil was rich in potassium and fairly rich in phosphorus. Before 
sowing 800 kg/ha superphosphate and 400 kg/ha potassium salt was given. In addition 
100 kg/ha of each of them was given in 1958. The plot size was 8 m? and four replicates 
were sown. The seed was sown with 20 cm row distance and at 30 kg/ha. 

In Perugia the trial was cut on 18 July in the seeding year (1956). In 1957 two cuts 
were taken for forage production viz. on 10 May and 27 June. The plots of Tuna were 
left for seed production in late summer. In order to obtain isolation the other plots 
were cut frequently during this time. In 1958 the plot was harvested for forage in the 
first cut on 17 May, for seed in the second cut and again for forage in two more cuts 
(11 July and 20 August). In 1959 the trial was ploughed after three cuttings (on 5 
May, 19 June and 11 July) for forage production. All plots were harvested at the same 
time. The plants were counted before ploughing August 1959. 

In Uppsala the trial was not cut in the seeding year. In 1957 two cuts were taken, 
viz. on 25 June and 19 August. Three cuts were taken in 1958, viz. on 24 June, 4 
August and 23 October and in 1959 one cut was harvested on 24 June. All plots were 
harvested at the same time. Stand gradings were carried out each year in the spring 
and in the autumn. The plants in the different plots were counted in September 1959 
before ploughing. 
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METEOROLOGICAL DATA 


In figure 4 the meteorological data for Perugia (50 m from the experimental field) 
and for Uppsala (Ultuna, 200 m from the experimental field) have been illustrated. In 
Perugia the annual precipitation is higher than in Uppsala but the temperature is also 
high. In winter there is snow for a day or so in January, February and sometimes in 
March. In Uppsala the winters are much more severe, of course, normally with frost 
temperatures from November until March. However, in most years the plants are 
protected by snow from Christmas until the end of March. The years 1956-1958 have 
had very wet summers and 1959 was extremely dry. In Uppsala the rainfall in the 
summer months was often higher and temperatures were much lower than in Perugia. 
Often the winterhardiness of a lucerne variety is tried more after a wet summer and 
autumn than during a hard winter. An example will be given later from the yield 
figures for the Uppsala trial in 1958 — after an extremely wet period in August, Sep- 
tember and October 1957 (figure 2). 


STAND IN THE EXPERIMENTS 


In Perugia no stand gradings were carried out during the growing seasons but the 
plants were counted before ploughing in August 1959. In each plot 1 m? of average 
stand was selected, the plants were counted and the roots were examined for crown rot 
disease. Results from these investigations are given in table 1. 


TABLE 1. RESULTS FROM PLANT COUNTINGS IN LUCERNE TRIALS IN 1959 


Percentage of severely damaged 
2 
Number of plants per m plants 
d Perugia Uppsala 

Perugia Uppsala (crown-rot) (frost) 
Tonaset. MEERTEN. 164 175 44 0 
Tuna (Xx Nostrale) .. 167 179 5.4 0 
Nostrale (x Tuna) .. 174 134 4.0 0 
INOS(rale neet 163 96 4.3 14.6 


Lucerne crown rot is very common in Central Italy and figures given in table 1 for 
plants with severely diseased roots refer in Perugia to plants with their crrowns com- 
pletely infected with crown rot, i.e. with no living buds (figure 5). About 70 per cent 
of the crowns examined were more or less infected and only very few were completely 
healthy. A study of the disease and its agents is under way (RIBALpi, 3) at the Istituto 
di Agronomia. A breeding programme for resistance has been started. 

As shown in table 1 the number of plants and the percentage of diseased crowns 
were much the same in Perugia for the different sources of seed. In Uppsala, however, 
the number of plants was the same in Tuna and in Tuna (X Nostrale) but lower in 
Nostrale. A great number of crowns were injured in Nostrale — it seems most likely 
that this variety was injured by frost. For seed production of northern varieties in 
Italy it is promising that Tuna did not suffer from environmental conditions there al- 
though it showed some crown rot. However, the use of South European varieties in 
Northern Europe is not advisable because they will be damaged by the winter. 
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Fig. 4. PRECIPITATION AND TEMPERATURE IN PERUGIA APRIL 1956-AUGUST 1959 AND IN UPPSALA 
JUNE 1956-SEPTEMBER 1959 
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The importance of winterhardiness in lucerne grown in Sweden is clearly demon- 
strated by stand gradings in the experiment at Uppsala. The density of stand was 
graded in autumn and spring each year. In the gradings 10 means full stand. As 
shown in figure 6 the stand was very good in all the plots when the experiment started 
in 1956. The stand was very even throughout the year 1957, possibly Nostrale was a 
little thinner than the other three ““varieties”’. In the winter of 1957-1958, however, 
Nostrale was thinned profoundly but Tuna kept the same stand as before. The 
Nostrale (Xx Tuna) stand deteriorated but not at all so much as the pure Nostrale 
strain. The difference between Tuna and Tuna (Xx Nostrale) is clearly demonstrated 
and the diagram illustrates the influence of crossings between the two varieties very 
well. 


YIELD IN THE EXPERIMENTS 


Annual yield figures as well as total yield figures for both trials are given in table 2. 
The quantity of forage harvested in Perugia is relatively low because some of the plots 
were left for seed production in 1957 and 1958. Nostrale has given the best results 
since it was grown in its particular area of adaptation. There is a very distinct influence 
of intercrossing with Tuna shown especially in the first two harvest years. Later on the 
difference is small; however, Nostrale still gives the highest yield. 


TABLE 2. YIELD (GREEN MATTER) IN LUCERNE TRIALS IN PERUGIA AND UPPSALA 


1956 1957 1958 1959 Total 195659 
Tons | Rel. Tons | Rel. Tons | Rel. | Tons | Rel. | Tons | Rel 
pr ha | value | pr ha | value | pr ha | value | pr ha | value | pr ha | value 
Perugia 
TUA eat ee OK) 100 } 13:05 100 1 25.54) 700 NV 2758 IE ZOOPIGST EE NLO 
Tuna (Xx Nostrale) 32 1285) 15,0 fed LS 26:60} 7104234 O2 7 SN 106 
Nostrale (Xx Tuna) 885 134 GED 123 2757 KOS 27 101 | 75:05 108 
INostralems sE 3.6 1447 19,20 1487287 7 113 202 1 TOS ESTE GRIS 
Uppsala 
Tunen sn 392. | Z00r5 52.2 1005234 STOOM AO MIO 
Tuna (Xx Nostrale) 38.1 97 | 49.5 95 | 22.8 98 [110,5 9%6 
Nostrale (x Tuna) 332 85 | 39,6 16 RIRL8:S TS Olen 83 
INostrale sn wann 32 nl 82 | 28.9 se 245) O2 SE 66 


In Uppsala differences are greater and the picture is exactly opposite. Nostrale gives 
lower yield and is decreasing very much as a result of insufficient winter-hardiness. 
Tuna (X Nostrale) gives a somewhat lower yield than Tuna; Nostrale (X Tuna) gives 
a much lower yield, but a much higher yield than Nostrale. Extremely distinct differ- 
ences were obtained in the first cut in 1958 after a hard autumn and winter: 


Tons oes Cr VO PEEL 
Tuna (XNostrale):', 1m wing) 
Nostrale (5 Thun) se tet MG EK OL 
Nostrale? 5 RT, UIT HS, OE RP 
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FIG. 6. STAND IN A LUCERNE TRIAL IN UPPSALA 1956-1959. A COMPLETE STAND IS INDICATED BY 10 


Weed determinations were carried out to some extent and the figures given here 
show yield of pure lucerne. In Perugia the first cutting is always severely infested by 
weeds while later cuttings are quite pure. In Uppsala there was some weed in the first 
cutting in 1958, especially in Nostrale and Nostrale (x Tuna). All other cuttings have 
been quite pure, most of them with 98-99 per cent lucerne. 

In Perugia Nostrale shows a higher percentage of dry matter in the beginning of the 
season, while it is lower by the end of the season. This may be due to an interaction 
of two factors: habit of growth and time of harvest (figure 3). — In Uppsala no real 
differences in dry matter content were observed. 


DISCUSSION 


The results obtained demonstrate the influence of intercrossing on two widely 
different varieties as concerns winter survival and yield capacity in their respective 
areas of adaptation. These results illustrate the risk of changes when a variety is grown 
for seed in a field where volunteer plants appear in this field or in the surroundings. 
Certainly there are much greater possibilities for changes in economically important 
characters by intercrossings in such a way, than by natural selection when only one 
generation is grown for seed. The experiments demonstrate that it is very important 
to prevent admixtures and crossings by an effective inspection scheme. 


SAMENVATTING 


Veranderingen in de aanpassing van een Zweeds en van een Italiaans lucerneras, wanneer 
geen isolatie bij de zaadteelt buiten het aanpassingsgebied plaats vindt 


Zaad van twee lucernerassen, Tuna uit Zweden en Nostrale uit Italië, afkomstig 
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van geïsoleerde en van naast elkaar gezaaide velden, werd gebruikt voor veldproeven 
te Perugia (Italië) en te Uppsala (Zweden). Op beide plaatsen konden duidelijke ver- 
schillen tussen de populaties Tuna (xX Nostrale) en Nostrale (Xx Tuna) worden vast- 
gesteld. 

Opvallend was de achteruitgang in winterhardheid van het in Italië, in de nabijheid 
van het ras Nostrale, vermeerderde Zweedse ras Tuna. 

Geconcludeerd wordt dat bij de vermeerdering van Noord-Europese lucernerassen 
in andere landen (buiten het gebied, waaraan zij zijn aangepast) spontane kruis- 
bestuiving met andere rassen of opslag-planten voorkomen dient te worden. 


REFERENCES 


1. GARRISON, C. S., The national foundation seed stocks program in the United States. Proc. 6th 
Intern. Grassl. Congress, 1952, 918-921. 

2. O.E.E.C., Demonstrations for improved seed multiplication and trade in seed 1954-1957. E.P.A./ 
O.E.E.C. Paris, 1958, 62 pp. 

3. RrBALDI, M., Osservazioni preliminari su di un marciume di natura fungina della corona e del 
fittone dell’ Erba Medica (Medicago sativa L.) in Umbria. Agricoltura Italiana, A. 59 (14 N.S.) 
1959, n. 7. 

4. ToRSSELL, R., ÁKERBERG, E. and TorsseLL, B., Nâgra resultat frân förädlingen av lusern vid 
Sveriges Utsädesförenings Ultunafilial. Kungl. Lantbruksakad. Tidskr. 92 (1953): 164-184. 


80 


ADAPTATION OF LUCERNE VARIETIES 


Fie. 1. “TUNA”’ AND “NOSTRALE) PLANTS GROWN IN ALTERNATE ROWS FOR CROSSED SEED PRODUCTION 
IN PERUGIA, AUGUST 1955 


Fi. 2. THE LUCERNE TRIAL IN UPPSALA IN JUNE 1958 
A: Tuna, B: Tuna (X Nostrale), C: Nostrale (X Tuna), D: Nostrale 
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Fia. 3. WINTER-DORMANCY IN NOVEMBER 1957 (ABOVE) AND SPRING-RECOVERY IN APRIL 1958 (BELOW) 
IN PERUGIA 


A: Tuna, B: Tuna (X Nostrale), C: Nostrale 
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Fi. 5. PLANTS WITH SEVERE INFECTION OF CROWN-ROT; NON-INFECTED CROWN SECTIONS PRODUCE 
FEW STEMS (PERUGIA, 1959) 
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ABSTRACT 


The yields of six varieties of lucerne are compared in six experiments carried out 
at various centres in Northern Italy. At each centre a 6 x 6 Latin-square design was 
employed, and cuts were taken over a three year period. 

At any given centre the varieties of local origin or selection produced the highest 
yields. Apart from this feature there were considerable differences between varieties 
both in total yields and in year to year behaviour; these differences were relatively 
consistent from one centre to another. 


INTRODUCTION 


Lucerne is a cross-pollinated crop and consequently it has produced a number of 
ecologically different varieties. In fact, after cultivation for many generations, natural 
selection has eliminated all unsuitable plants from a particular region, and has 
gradually adapted the original population to the environment and management con- 
cerned, giving several indigenous cultivated varieties. The varieties differ in their 
behaviour, and these differences depend chiefly on the differing environmental and 
managerial conditions in the regions in which they have originated. 

As a result of the increasing world interest in lucerne during the post-war years 
many experiments comparing the behaviour of indigenous and foreign varieties, with 
a natural or breed origin, have been made with the aim of finding the most suitable 
varieties for defined ecological conditions. HAUSSMANN (1) has examined all the avail- 
able experiments in Italy, observing that large differences between Mediterranean 
varieties were found by many investigators. Differences in “productivity” (measured 
as green or dry matter ql. per ha.) and ““duration’’ (measured as years of established 
ley) were found in several places. 

Nevertheless, little attention was given to this aspect of lucerne cultivation until 
some years ago. The trade in seed stocks has been somewhat indiscriminate, not only 
from one region of Italy to another but also with respect to imported seed stocks of 
unknown origin. In addition to the agronomic, pathological and genetic factors in- 
volved, the lack of discrimination in the choice of varieties may be responsible for the 
lucerne deterioration manifested by the thinning and short duration of the ley. Work 
done on other crops suggests that the increase in productivity from a correct choice 
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of variety could be equal to and possibly larger than any possible improvement to be 
obtained from better management techniques. 

The importance of the problem of the choice of the best varieties under ecologically 
different conditions in Italy, was recognized by the ““Ministero dell’ Agricoltura e delle 
Foreste” who organized a set of experiments on the subject. The yield data collected 
from these experiments forms the subject matter of this paper. 


MATERIAL AND METHODS 


The experiments were started in 1955 under the co-ordination of the “Stazione 
Sperimentale di Praticoltura di Lodi’, and were carried out by the following Institutes: 


. Istituto di Agronomia e Coltivazioni Erbacee di Torino. 

. Istituto di Allevamento Vegetale per la Cerealicoltura di Bologna. 

. Stazione Agraria Sperimentale di S. Michele All’Adige. 

‚ Istituto di Genetica e Sperimentazione Agraria ““N. Strampelli” di Lonigo. 
. Stazione Sperimentale di-Praticoltura di Lodi. 


BN 


The varieties, chosen from those grown in Northern Italy were: 


A — “Cremonese’”’: left side of the Po river in Cremona district (also known as 
“Lodigiana”’). 

B — “Bolognese”: right side of Po river east-south-east of Bologna in Romagna 
district (also known as “Romagnola”). 

C — “Polesana’”: district at the mouth of the Po river. 

D — “Leonicena’”’: left side of the Po river lands lying in Loniga-Vicenza districts 
(region of Cologna Veneta). 

E — “Friulana”: districts lying on the valley of Tagliamento river, to east-north- 
east of Venezia. 

F — “202 (St. Lodi)”: variety obtained by selection at the “Stazione Sperimen- 
tale di Praticoltura di Lodi”. 


The names of the ecological varieties correspond to the regions of origin. Only the 
“202” has a different indication because it was obtained by selection. 


The experimental design employed at each centre was a 6 x 6 Latin square. The 
experiment was started in March 1955; the manuring at each centre was 12.0 tons 
per acre of FYM, 8.0 cwt per acre of phosphate rock Reno, 1.2 cwt per acre sulphate 
of ammonia and 3.5 cwt per acre of muriate of potash. The varieties were sown in 
rows 7.5 inch apart using 13.5 lb. per acre of seed. 

It had been decided to cut each variety of lucerne when it reached flowering stage, 
and the last cut in the year was to be made simultaneously for all the varieties; in fact 
there were no varietal differences in time of flowering at any centre and so all the va- 
rieties were cut at the same time. Cutting was done during the warmer hours of the 
day to minimize variations in moisture content; the produce of each plot was weighed 
immediately after cutting to avoid any drying out of the material. 
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RESULTS 


1. Comparison between total yields. 


Table 1 shows the total yields over three years for each of the six varieties at the 
five centres (at Torino there were two replications of the experiment sown respectively 
in 1955 and 1956). 


TABLE 1. TOTAL YIELDS OF LUCERNE OVER THREE YEARS (TONS GREEN WEIGHT PER ACRE) 
(Values in brackets were estimated by missing plot technique) 


Â 3 } Torino Torino | Average 
Lodi Bologna | Lonigo |S. Michele 1955 1956 SE 
A. “Cremonese” . 52.6 59.3 60.8 (541) 27.9 57.6 SON 52.6 
B. “Bolognese” . SO O3 ON(O225) ES EZ 23.2 66.0 41.7 56.0 
WES Polesana” SS) 62.9 58.2 25.4 62.1 41.9 SS 
D. “Leonicena” 54.3 [64.1 (59.4)/58.9 (54.7) 21.8 58.9 38.2 53u 
B Friulana” … 54.4 60.3 57.0 24.4 63.6 40.8 Sr 
BE 2020 eert ee "65.2 (56:10) 62,9 She 30.6 64.2 41.1 56.7 
HE NE 0.7 Seil +0.7 52.0 +15 +0.6 


1 Average yields are based on calculated, not actual yields of local varieties. Yields at San Michele 
have been omitted (see footnote to Table 2). 


At each centre, there were differences between the yields of the varieties which are 
significant when compared with the experimental errors. Nevertheless the relative 
varietal yields were not consistent from place to place. Thus ““Cremonese”’ was among 
the lower yielding varieties at most centres but was easily the top yielder at Lonigo. 
This lack of consistency is confirmed by the analysis of variance of total yields shown 
in Table 2. Both ‘varieties’ and the interaction “varieties x places’ are significant when 
compared with the pooled experimental error, but ‘varieties’ is little larger than the 
interaction term. At this stage of the analysis therefore, it is not possible to make 
general statements about the relative yields of varieties. 


TABLE 2. ANALYSIS OF VARIANCE OF PLOT YIELDS OVER THREE YEARS AND FIVE CENTRES! 
(tons green weight per acre per year) 


df. M.S. 
PIAGESR. el lk Mede hef 4 965.16 
Varielles tod ares dele week 5 10.42 
Marelies Places Bn 20 8.18 
Experimental error .. . . . 100 1.86 


1 The yields at S. Michele have been omitted from this analysis and from all other analyses involv- 
ing a comparison of places and years. In addition to being marginal land from the point of view of 
lucerne production, yields at S. Michele were too low in 1955 to be included with other centres in a 
total analysis. Also in 1957 part of the experiment was lost due to weed infestation. 


A closer examination of the results in Table 1 suggests that the higher yielding va- 
rieties were those of local origin or selection. Thus at Lodi the most productive variety 
was the “202” obtained by selection in the same district, and therefore particularly 
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adapted to the Lodi environment and ecological conditions. By contrast the “Cremo- 
nese”” was the least productive at Lodi though it had long been considered a local 
variety in the district. However, observing carefully the ecological aspect of the Cre- 
mona district whence the “Cremonese” seed came, in comparison with the Lodi 
district, where the experiment was made, large differences in soil, management and 
climate can easily be recognized, which might be responsible for the lack of 
adaptation of “Cremonese” to Lodi conditions. 

At Bologna the “Bolognese” and the “Leonicena’’ were the more productive va- 
rieties; both originated in very similar conditions to those of the Bologna centre of 
test and can be considered as local varieties. Although there were real differences 
between these varieties they became evident only when the conditions of the test 
centre were largely different from that of the origin of the seed. 

At Lonigo “Cremonese” and “Leonicena’”’ were the highest yielding varieties. At 
this centre “Cremonese” could be considered approximately a local variety. In fact, 
the Cremona district has very similar ecological conditions to the Lonigo district, 
and both “Cremonese” and “Leonicena’” could possibly be counted as local 
varieties. Nevertheless, “Cremonese” yielded more than ““Leonicena”’. Yields of “202° 
and “Polesana” were equivalent to that of “Leonicena” though they could not be 
assumed to be of similar origin. 

At S. Michele the environmental conditions were very different from all the other 
centres, the experiment being carried out on hill-land (700 m above m.s.l.) which was 
marginal for lucerne cultivation. None of the varieties tested could be considered 
local to these conditions. At this centre, “202” was the most productive variety, 
followed by “Cremonese”’. 

At Torino a 6 X 6 Latin square was sown in 1955 and another in 1956. The experi- 
ment was repeated because of a heavy infestation of weeds in the 1955 experiment, 
but both experiments were retained since the lucerne sown in 1955 recovered well. 

The results from these two experiments at Torino are especially interesting because 
they provide the only information we have relating to variability between years. The 
relative yields shown in Table 1 appear to be similar in each of the experiments. This is 
confirmed by the analysis of variance given in Table 3: the interaction of varieties with 
years is very small, especially when compared with ‘varieties’. In spite of the large 
differences in conditions of growth of the two replications, due to the weed infestation 
in the trial sown in 1955, the relative yields of varieties are extremely similar. Con- 
sidering the two experiments together, the “Bolognese” produced the largest amount 
of forage over the three years and ““202”, “Polesana” and “Friulana’” were slightly 
less productive. “Leonicena” and ““Cremonese” produced significantly less than all 
the other varieties, perhaps because they were less well adapted to the particular 
ecological conditions. 

In the above discussion, five local varieties were instanced. If the hypothesis that 
those varieties of local origin do better than other varieties is correct, then it follows 
that they should not be included in a general analysis of variance which aims to es- 
tablish that certain varieties do relatively better or worse at all centres. Accordingly 
a new analysis of the variety yields at the five centres was made. The yields of the local 
varieties were deleted and new values computed using the missing plot technique; 
these are shown in brackets in Table 1. 
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TABLE 3. ANALYSIS OF VARIANCE OF DUPLICATE EXPERIMENTS SOWN IN 1955 AND 1956 AT TORINO 
(tons green weight per acre per year) 


df. M.S. 
Viarietiesn(VimEnanes TA ei 5 10.03 
VArIe Hes WAVES. 5 2.42 
Pooled experimental error . . 40 15277 


The further analysis of variance is shown in table 4, the varieties X places inter- 
action having been reduced by 1 d.f. for each of the missing values calculated. Whereas 
in Table 2 the mean square for ‘varieties’ was little larger than that for varieties x 
places, in table 4 it is almost six times larger. Thus apart from the effects of local 
varieties, there were varietal differences which were relatively consistent from site 
to site. 

Comparison of the totals over places shows that ““202°” was one of the better varieties 
in every place. Bolognese and Polesana also did relatively well, whilst the worst 
varieties were Cremonese and Leonicena. 


TABLE 4. ANALYSIS OF VARIANCE OF PLOT YIELDS AT 5 CENTRES AVERAGED OVER 3 YEARS, OMITTING 
LOCAL VARIETIES (tons green weight per acre per year)? 


d.f. M.S. 
MACE TN ee 5 28.52 
Mace ESR PACE 15 4,89 
Experimentalserronsn ses se 100 1.86 


2. The year to year variation in varietal yields 


The preceding analysis has been confined to the totals of production over three 
years. The purpose in this section is to examine the year to year variation in the 
relative yield of varieties. 

The situation is summarized in the analysis of variance shown in Table 5. Again 
in this analysis yields of local varieties in each year have been deleted and new values 
calculated using the missing plot technique. For this reason the interaction, “varieties 
x places x years’ is based on only 30 rather than 40 degrees of freedom. It will be 
noted that the mean square for ‘varieties X years’ is much larger than that for 
‘varieties X places x years’. Clearly there were real differences in the year to year 
behaviour of different varieties and these differences were fairly consistent from one 
centre to another. The magnitude of the differences is shown diagrammatically in 
fig. 1. 


TABLE 5. ANALYSIS OF VARIANCE OF PLOT YIELDS OVER 3 YEARS AND 5 CENTRES 
(tons green weight per acre per year)® 


df. M.S. 
Vartieties xn vears van Ams 10 9,47 
Varieties X places X years. . 30 2.90 
Experimental error . . . . . 200 1.04 
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Fig. 1. YEAR TO YEAR VARIATION IN RELATIVE YIELD OF LUCERNE VARIETIES 


In the first of the 3 years “Bolognese” produced the highest average yield of 
the varieties. This high level of yield was maintained in the second year, but in the 
third year yields declined at each centre, and the average yield fell below the general 
mean. 

“202” combined high yields at all centres with a relatively consistent behaviour 
from year to year. In most places and years it gave either the highest or second highest 
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yields. Nevertheless, at all centres “202” produced its highest comparative yields in 
the second and third year. 

“Cremonese” established very badly in the first year, and this affected production 
in the second year also; only in the third year did “Cremonese’ seem to recover, 
reaching the third place in the rank of varieties. 

“Leonicena”” was around the general mean in the first year, but deteriorated in the 
second year, and was consistently the worst in the third year. 

“Friulana” behaved well, chiefly because of the lack of fluctuation of the yield in 
all years, usually maintaining production at a level somewhat greater than the average. 

“Polesana”’, too, although producing yields around the average in the first year, 
improved progressively in the following years, becoming equal to “202” in the third 
year. 

All but one of the experiments examined were sown in 1955, the yields relating to 
the years 1955, 1956 and 1957. It might therefore be argued that the difference in the 
relative behaviour of the varieties from year to year was merely a reflection of the 
particular weather conditions experienced. If this were so, the same pattern of yields 
could not be expected to recur in different years. With the limited amount of data 
available it is not possible to say exactly how much the weather affects relative yields, 
but the single comparison of yields at Torino suggests that the effect may be small. 
Although the two experiments are separated by a year in time, the relative yields in 
each phase of the experiments behaved very consistently. In both experiments Bolog- 
nese deteriorated and Cremonese improved after the second year; relative yields of 
Polesana increased while those of Leonicena decreased. 


DISCUSSION 


The hypothesis has been put forward that, at any centre, a variety of local origin 
possesses an advantage, and other conditions being equal, will produce higher yields 
than will other varieties. This is supported by the fact that the 5 varieties selected as 
being local produced higher relative yields at their home centre than elsewhere. It is 
also supported by the fact that when the effect of local varieties was removed, the 
remaining varieties behaved much more consistently from place to place. 

It may be noted that the relative yields of Leonicena at Bologna and Lonigo, where 
it is local, were no larger in the first year than at other centres. It was only with the 
second and third year that the local advantage became apparent. Other varieties were 
more erratic in their behaviour, the size of the local advantage varying arbitrarily 
from year to year. 

Having removed the local varieties, the characteristics of the remaining varieties 
become more evident. 

The “202” seemed generally a good variety in Northern Italy, being a variety that 
would yield well everywhere in the zone. 

“Bolognese” also could yield well but it deteriorated after two years. However, in a 
rotation including a two-year lucerne ley, the “Bolognese” might often be more suit- 
able than “202”. 

‘“Friulana” was interesting for the steadiness of its yield from year to year, and at 
a relatively high level. 
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“Polesana” is particularly indicated when the ley has to last more than three years. 
Yields were generally high in the third year, and at Torino, where data from a fourth 
year were available, “Polesana” also produced comparatively high yields in the 
fourth year. 
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SAMENVATTING 
Het relatieve opbrengstvermogen van zes lucernelandrassen in Noord-Italië 


De opbrengsten van 6 lucernerassen werden vergeleken in 6 proefnemingen in ver- 
schillende centra van Noord-Italië. In elk centrum werd een 6 x 6 Latin-square proef- 
veldaanleg toegepast, terwijl de opbrengsten gedurende een driejarige periode werden 
bepaald. 

In elk centrum gaf het daar voorkomende landras of het daar gekweekte ras de 
hoogste opbrengsten. Verder waren er belangrijke verschillen tussen de rassen, zowel 
in totale opbrengst als in hun gedrag in opeenvolgende jaren. Deze verschillen waren 
relatief gelijk in het ene centrum t.o.v. het andere. 
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ABSTRACT 


The pollen grains of Corchorus olitorius and capsularis (jute) germinate within ten 
minutes in cross-pollinations as well as in self-pollinations. No perceptible difference 
is observed in the number of capsularis pollen grains germinating on olitorius stigmas 
and vice versa, though an olitorius stigma (being bigger) accommodates more 
pollen than capsularis. 

Several hundreds of flowers of different capsularis types were pollinated with those 
of olitorius and vice versa for three years. Very small quantities of seeds are produced 
in the cross-pollinations compared to self-pollinations. The percentages of empty, 
partially full and full seeds produced vary greatly in different crosses including their 
reciprocal ones. Most of the seeds obtained are shrivelled and empty. Few apparently 
normal looking full seeds, more or less of the same size in appearance as selfed ones 
that are produced in certain crosses, weigh less than the same number of selfed seeds 
of the respective female parents concerned; this suggests the under-development of 
the embryo or/and endosperm. The seeds do not germinate. Even in spite of including 
some types of capsularis closer to olitorius in certain characters and the wild types 
of both species in the crossing programme, still there was no success in getting 
hybrids between the two cultivated species of jute. Style reduction methods also fail. 
The possibilities of getting hybrids between them are indicated. 


INTRODUCTION 


Jute, the “golden fibre” of Bengal and the most important bast fibre of the World, 
is extracted from the two cultivated species of Corchorus olitorius and C. capsularis 
grown extensively in India and East Pakistan and to a minor extent in Brazil, Formosa 
and a few other countries. 

In fact, 96 per cent of the World’s jute acreage is concentrated in India and Pa- 
kistan alone and 97 per cent of the World’s total supply comes from these two coun- 
tries. The production of jute fibres is gradually increasing from 8.4 million bales 
(194748) to 8.7 million bales (195556) in the Indo-Pakistan subcontinent. In 195556, 
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2.67 million acres of land were put under jute cultivation in India and Pakistan pro- 
ducing ultimately 8.7 million bales (1 bale — 400 Ibs.) on an average to run about 150 
jute mills of India and 3 or 4 of Pakistan producing many varieties of products for 
external and internal consumption. This shows the commercial importance of jute 
cultivation, which by the way, plays a great role in the economy of India. The fol- 
lowing figures may be illustrative: « 


Acreage Production 
(in 1000) (in lakh bales) 
India: 
194748 (At the time of Partition of the 
COMES) EE epen Ae NER | 652 16.58 
(OSIS oan met net | 1425 41.37 
| 
Pakistan: | 
VOATAS Ee Kota tn etn nl EK HE 2059 68.37 
LOSSSO rr EE ans 1242.91 46.62 


The genus Corchorus belongs to the family Tiliaceae, which is rather less advanced 
in the phylogenetic scheme of classification. HOOKER (1872) listed 8 species of Corcho- 
rus found in the Indian sub-continent. Recently CHAKRAVARTY (1951) corroborated 
him in his latest monograph on Indian Corchorus together with the distribution of 
different species in India and clarified certain points in the nomenclature of species. 
One of us (R. M. DATTA) has also listed 91 species of Corchorus together with their 
distribution throughout the World and pointed out the possible gene centres of the 
cultivated species of jute (in press). VAVvILOv (1949/50), however, believed that both 
the cultivated species of jute had originated in the Indian Centre of Origin (exclusive 
of North-West India, Punjab, North-West Frontier but including Assam and Burma) 
which he called by another name ““the Hindustan Centre of Origin”. 

The cultivation of various types of both the species is primarily practised in the 
northern hemisphere, especially in India and Pakistan as stated above. In India the 
main jute growing tracts fall under these regions — North Bengal 26.5° and 27° North 
latitude and 88° and 90° East longitude, Lower Assam Valley 26° and 27° North 
latitude and 90° and 92° East longitude, Upper Assam Valley 26° and 27° North 
latitude and 92° and 94° East longitude and the alluvial tracts of the Ganges, the 
Damodar, the Kosi, the Gandak, the Bagmati and the Gogra rivers, i.e. between 22° 
and 29° North latitude and 77° and 89° East longitude. In Pakistan, the main such 
tracts cover areas between 22° and 26° North latitude and 89° and 92° East longitude. 

In India and Pakistan, this crop can be grown in almost all types of soils, e.g. in 
acid organic soils of Assam, in red soils of Tripura, in calcareous soils of Bihar, not to 
speak of alluvial soils of the Gangetic-Brahmaputra system. 

lt can grow in heavy clay soils as well as in sandy soils, though as usual loamy soil 
is the best. The more important factors for successful cultivation depends on having 
50 to 120 inches rainfall well-distributed for about 6 months — April to October — and 
temperatures ranging from 60°F and 100°F and humidity (65 to 95 per cent). Thus, 
damp heat is the ideal condition for its luxuriant growth. Both the species, however, 
are responsive to short-day photoperiodie conditions. 
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Besides India and Pakistan, jute has also been successfully grown in Formosa 
{between 21° and 24° N. latitude and 120° and 123° E. longitude) and Brazil (between 
equator and 10° South latitude and 40° and 50° West longitude). Attempts are also 
being made at present to grow jute in China, Australia, Turkey, Gold Coast (Ghana), 
Sudan and a few other countries. 

The characteristics of these two cultivated species are as follows: 


1. C. olitorius LINN. — Annual shrub, 5-18 ft. tall; branched or non-branched; 
small branches in case of branching. Stem glabrous with anthocyanin pigmentation 
grades — green to light or dark red. Leaf blade 5-20 cm. x 3.5-9 cm, ovate-lanceolate, 
acute or acuminate, glabrous or rough, coarsely serrate; basal serratures often pro- 
longed into tail-like appendages more and hairy appendages longer, base round 5- 
nerved; petiole 4-9 cm. long, green to pink; stipules subulate, tip coloured or green, 
base coloured sometimes, 0.5 to 1.5 cm. or more long. Flowers 6-10 mm. in length, 
10-15 mm. in diam, bigger, yellow to pale yellow, generally in extra-axillary leaf- 
opposed condensed cyme on the terminal and the lateral branches in groups of 2-3, 
sometimes 5; peduncles + 2 mm. long; pedicels stout, 3-4 mm. long. Sepals 5-8 mm. 
long, 2-3 mm. broad, oblong, apiculate, i.e. tips prolonged in flower buds, 5 or 6, 
green, valvate. Petals 5-8, yellow or pale yellow, imbricate, entire or split. Stamens 
30-60. Anthers yellow —+ globose. Ovary syncarpous, linear-oblong, 5, rarely 6-car- 
pelled. Style very variable, constricted from the broader ovary and forming the beak 
in fruit. Stigma globular, entire, pubescent. Capsule 60-74 mm. long x 4-5 mm. 
broad, cylindric, linear, glabrous, surface ornamented by symmetrical wavy undula- 
tions, 1O-ribbed, beaked, tips of dehiscent valves hooked, S-valved, valves with 
transverse partitions between the seeds. Ovules anatropous, 97-211 per ovary, in 
each loculus with single row; axile placentation. Seeds smaller trigonous, wedge- 
shaped, + 2 mm. in length, base + 1.2 mm. broad, smooth, uneven, bluish green to 
steel gray (or even dull black). About 500 per gramme. 

Plants non-bitter. Flowers bloom earlier and remain so for about 7 hours. 

Rather much tanin present in plants; hence chance of getting coloured fibres — 
steel black or shyamla after retting. 

Ultimate fibres longer; fibre bundles larger, number of fibres more. Fibres with a 
reddish or grayish tinge, finer, softer, stronger and lustrous with superior spinning 
quality. Periderm formation less prominent; lenticel development in later stages. 
Wood showing greater number of pores, mostly occurring in groups of 2 or 3 or rarely 
more; more wood formation and the cell walls of wood elements more thickened; so 
tough wood and hence less liable to lodging. Pith collapses earlier. 

Root system deep and penetrating, less spreading. Penetrates the soil 17 to 2 l inches 
deep. Secondary roots well-developed. Susceptible to water-logging. Less resistant to 
salinity. Cannot withstand drought in early stages of growth. Best performance in 
loam and high land. Leaf output less. Farly leaf fall. 

Initiation and range of flowering prolonged over a longer period (about ten weeks) 
with periodic flushes. Distribution and growth of fibres more even along the stem; 
so the stem cylindrical. Life cycle 31 to 6 months depending on the type as well as the 
time of sowing. Flowers prematurely, if sown early. Yields a little more. Takes a little 
more time for retting with the same base diameter and plant height than capsularis. 
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Natural cross-pollination — 13 per cent. 
Highly resistant to anthracnose and chlorosis; susceptible to the pest Nupserha_ 
bicolor THOMS. s.sp. postbrunnea BREUN.. | 


2. C. capsularis LINN. — Annual shrub, 5-14 ft. tall. Stem glabrous with antho- 
cyanin pigmentation grades — green to dull coppery red to pink. Branched or non-_ 
branched; with long branches in branching types. Leaf blade 4-15 cm. x 2.0-9.6 cm. 
broad, ovate-lanceolate or linear-lanceolate, acute or acuminate, coarsely serrate, 
basal serratures usually prolonged into tail-like appendages; petiole 4-8 cm. long, 
slender, green-dark-red; stipule filiform-foliaceous, 0.5 to 2 cm. or more; tip coloured 
sometimes, base coloured or green. Flowers smaller, 2 to 6 mm. in length and 4.5 to 
8 mm. in breadth, arranged in short or condensed extra-axillary leaf-opposed cymes; 
flowers in groups of 2-6 or even 10; peduncles 2-3 mm. long, 1.5-2 mm. broad, 
ovate-linear, entire, acuminate. Sepals coloured or green, 3-4 mm. long. Petals 5, 
yellow or pale yellowish, ovate, acuminate. Stamens 20-30, + 3 mm. long; anthers 
yellow or pale yellow, globose. Ovary syncarpous pentalocular. Ovules anatropous, 
25-50 per ovary, two rows in each loculus. Placentation axile. Style variable in length. 
Stigma 2-3-fid. Capsule 7-11 mm. long, 5-11 mm. in diameter, subglobose, ridged 
and muricated, 5-valved, depressed at the organic apex or oval-podded. Valves woody 
without transverse septa. Seeds + 2 mm. long, 1-1.5 mm. broad, wedge-shaped, un- 
even, smooth, chocolate-brown. About 300 per gramme. 

Plants usually bitter, non-bitter in a few cases. Flowers bloom later and remain so 
for about 6 hours. 

Less tanin content. 

Ultimate fibre comparatively smaller, less in number. Fibres whitish and rough with 
inferior spinning quality. Excessive development of periderm formation in later stages 
in basal portions. Wood shows less pronounced growth zones, comparatively less 
thickened cell walls of different wood elements, more diffused pores, lesser number 
of pores, vessels usually occurring singly; wood fibres and large number of less 
thickened fibre-tracheids; so wood softer and liable to lodging. Pith persists. 

Root system superficial and spreading; penetrates the soil 10-12 inches deep; sec- 
ondary roots not well-developed. Resistant to water-logging; hence best performance 
in clay and low-lying areas, though it can as well grow on high lands. More resistant 
to salinity. Can withstand drought in early stages. 

Leaf output more and foliage retained on the stem for a longer period. 

Initiation and range of flowering optimum over a shorter period of 4-6 weeks. Dis- 
tribution and growth of fibres more concentrated in the lower portions of the stem, 
which is thus conical. Life cycle 4-6 months’ period according to the type as well as 
the time of sowing. Yield little less. Takes less time for retting with the same base 
diameter and plant height than ol/itorius. 

Natural cross-pollination — 2.5 per cent. 

Susceptible to anthracnose from the seedling to the harvest stages and to chlorosis. 
Resistant to the pest Nupserha bicolor THOMS. s.sp. postbrunnea BREUN. 

The crossing of capsularis and olitorius was first undertaken by FiNLow (1917, 1921, 
1923) and later confirmed by HowARD (1924) but they failed to get viable seeds. 
PATEL, GHOSE, and DAs GUPTA (1944) attempted seven different methods to cross 
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them and reported “often pods were obtained but the seeds contained were not viable 
and well developed, being shrivelled, light in weight and pale coloured”, and they 
further concluded that their centres of origin are different and they are far apart 
phylogenetically, though the haploid chromosome numbers (n — 7) are the same. 

Capsularis and olitorius, as can be seen from above, have a good number of desir- 
able characteristics of their own. In order to combine these characters the hybridi- 
zation programme was undertaken on an extensive and intensive scale by the authors 
for three years. On failure of getting hybrids, the cytogenetical basis of incompati- 
bility between them was also investigated. 


DESCRIPTION OF THE MATERIALS USED 


The following materials were used in the present study besides in the subsequent 
studies in connection with polyploidy, X-irradiation studies, morphology and 
cytology of pollen tubes, the rates of the pollen tube growth, etc. 


C, olitorius LINN. 
Types 


1. Chinsurah Green (C.G.) — Tall. Full green with no pigmentation on any part. Evolved in 1915 
and first named D 38 but as the seeds originally came from Chinsurah, Dist. Hooghly, the 
name is changed after the name of the place. Early maturing. Sparsely branched. Seeds bluish- 
green (average 500 seeds per gramme). Heavy yielder. Resistant to anthracnose but susceptible 
to stem-rot and root-rot. 

Standard type recommended by the Bengal Agriculture Department since 1915 and accepted 
by the cultivators as the best type since 1915. 

2. JRO-632. — Taller and about 10-14 days later maturing than C.G. but yields 30 per cent. higher 
than C.G. Full green. Sparsely branched. Seeds steel gray. Susceptible to stem- and root-rot. 
Flowers 3 days later than C.G. 

3. JRO-620. — Stem, upper surface of petiole, veins on dorsal leaf-surface, edges of leaf serrations, 

stipules, flower buds and pods all light red but the leaf lamina green. 
Petals clawed. Later maturing than C.G. but earlier maturing than JRO-632. Seeds steel gray 
but the shade is slightly different from that of JRO-632. Higher yielder than C.G. (20 per cent. 
higher) giving fibres of excellent quality. Susceptible to stem- and root-rot. Flowers 6 days later 
than C.G. 

4. JRO-753. — A promising strain. Identical characters like JRO-632 but susceptible to stem- and 
root-rot. Flowering 3 days earlier than JRO-632. 


5. Salyout. — Wild from the Philippines. Light red. Early flowering. Bushy habit and heavily 
branched. Seeds bluish green. 
6. Very early dwarf green olitorius. — Full green. Dwarf. Branched and bushy. 
7. Olitorius narrow leaf. — Light red. Early maturing. Narrow leaf. Susceptible to stem- and root- 
rot. 
8. Olitorius deep red. — Deep red. Leaves blotched (pink-coloured spots developed on the leaves). 
Susceptible to stem- and root-rot. 
9. Wild olitorius green. Wild. Full green. Mid-early maturing. Dwarf and bushy. Susceptible to 
root-rot. 
10. Wild olitorius light red. — Wild. Light red. Branching and bushy. Susceptible to root-rot. 


11. Bombay olitorius. — Wild. Deep red stem. Leaves with pink tinge. Early flowering. Stipule green 
with tips pink. Pod setting poor. Seeds bigger and black. Flowering for a longer duration. 
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capsularis LINN. 
Types 


. D154. — An improved strain isolated from Kakya Bombai in 1919 by the Bengal Agriculture 
Department. Recommended to and accepted by the cultivators as a promising strain since 
then. Green coppery red with all parts of the stem green but the upper surface of the 
petiole, tips of stipules and tips of basal serrations of leaves dull coppery red. Leaf lamina and 
lower surface of petiole green. Mature plants show coppery red on apical regions of stem, outer 
surface of calyx and pods. Late maturing. Seeds chocolate brown (average 300 seeds per 
gramme). Somewhat resistant to stem-rot and anthracnose. Less susceptible to chlorosis and 
comparatively resistant to stem-rot. 


Maniksari. — Wild used as a pot herb. Dark red. Very early maturing. Dwarf, heavily branched 
and bushy habit. Non-bitter. Somewhat resistant to stem-rot and anthracnose. 


. Deodhali. Full green. Late maturing. Oval-shaped pod. Seeds trigonous, brown. Resistant to 


stem- and root-rot. 


. Jap red. — Petiole, flower bud and pod coppery red as in D154 but it differs from it in having 


coppery red pigment in the stem also. Non-branching in the earlier stages of growth. Pro- 
duction of branches only with the approach of maturity. Branching extra-axillary. Late maturing. 
Yield slightly lower than that of D154 but the fibre quality much better. Susceptible to stem-rot 
and anthracnose. 


. Salimos. — From Brazil. Green coppery red. Non branching. Late maturing. Stipule foliaceous. 


Susceptible to anthracnose and stem-rot. 


Halmahera. — From Halmahera (the East Indies). Green coppery red. Non-branching. Thicker 
base diameter than all capsularis types. Late maturing. Foliaceous stipule more prominent 
than Salimos. Particularly susceptible to stem-rot and anthracnose. 


„. JRC-212. — Full green with all parts at all stages of growth. Late maturing. Higher yield than 


D154 (10-11 per cent. more) and better fibre quality and matures at the same time. Flowering 
the same as D154. More towards D154 in disease-resistance. 


8. Kulkarni Grade 5. — Wild. Light red. Mid-early maturing. Branching and dwarf. 
9. Non-branching broad leaf capsularis. — Full green. Non-branching. Leaf very broad. Early 


10. 


maturing. Pale yellow petal. Short internode. Susceptible to anthracnose. 


Capsularis Grade 0-3. — Full green type corresponding to Green-red type (Grade 3), which 
has red colour distributed in patches over the stem and has the upper surface of petiole deep 
red. 


11. Mogra. — Dwarf, branching bushy wild. Early maturing. Non-bitter. Highly susceptible to stem- 


rot. Also used as a pot herb. 


N.B. Stem- and root-rot are due to attack by Macrophomina phaseoli (MAUBL.) ASHBY. 
Anthracnose is due to attack by Colletotrichum corchorum IKATA and TANAKA. 

Non-branching types have less pod-set and consequently less seed production. 

Wild capsularis and olitorius — always rough leaf surface. Slow germinating. Very bushy habit and 
branching. 

Usually Indian capsularis types, wild or cultivated are branched. 

Corolla colour in capsularis jute is either yellow or pale yellow. No pale yellow types have been 


found in Indian olitorius. In a foreign variety of olitorius, however, light-yellow corolla and light- 
yellow anther are noticed. 


Other species: 


@ 
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aestuans LINN. (—= C. acutangulus LAM.). — Annual much branched shrub, erect or trailing. 
Branches more or less pubescent. Leaves 6-9 cm. long Xx 3-5 cm. broad, ovate-oblong or ovate- 
lanceolate, acute, serrate, basal serratures on each side usually prolonged into filiform append- 
ages sometimes one basal serrature, glabrous or sparsely hairy, base rounded. Petiole slender 
1.2-2.5 em. long shortly hairy. Stipule subulate-filiform + 1 em. long. Flowers small in leaf 
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opposed cymes. Peduncle 2-3-flowered, 1-2 mm. long, pedicel + 2 mm. long. Sepal + 3 mm. 
broad, linear-oblong, apiculate. Petals spathulate, slightly longer than the sepals, yellow. 
Stamens many, 2-3 mm. long. Carpels 3-4, syncarpous. Ovary linear, style short, stigmas tri- 
lobed or 5-lobed. Capsule 2-3 cm. long, 3-5 mm. in diam., erect, stout, cylindric, straight, 
wingedly angular, truncate, beak 3-fid (sometimes 4-fid), tips spreading or recurved. Valves 
3-4-septate between the seeds, septa prominent or faint. Seeds + 1 mm. in diam., globose- 
trigonous with plane faces, hilum prominent, round, dark brown. Flowers open early as well 
as a little before noon for 4 hours. 


©. trilocularis LiNN. — Annual shrub. Stem and branches sparsely hairy. Leaves 4-9 cm. long X 
1-2.5 cm. broad, elliptic or oblong, lanceolate or almost orbicular, serrate, basal filiform serra- 
tures present or may not develop, acute or obtuse, + glabrous above, sparsely hirsute on lower 
veins, base round and cuneate; petiole 5-2.5 cm. long hairy; stipules subulate-filiform, 5-12 mm. 
broad, linear-oblong, acuminate. Petals 6-7 mm. long, 1-15 mm. broad, oblong. Stamens 
6-7 mm. long. Ovary linear, hairy when young; style indistinguishable from ovary in young 
stages; stigma capitate. Capsule 2.57 cm. long, + 2 mm. in diam. narrowed at the apex as beak, 
beak simple neither lobed nor hooked, scabrous, long-linear, cylindric or broadly 3-4-angled, 
3-4-valved but usually 3-valved; valves with transverse partitions between the seeds. Seeds 
many + 1 mm. in length (often less than 1 mm. in length), base + 1 mm. broad, trigonous- 
triconcave. Flowers open early as well as after noon for 34 hours. 


C. tridens LiNN. — Annual shrub. Leaves 4-7 cm. long X 1-2 cm. broad, linear-oblong or linear- 
lanceolate, crenate-serrate, basal serratures often prolonged into filiform appendages; glabrous 
petiole 4-6 mm. long; stipules subulate 2-3 mm. long. Peduncles and pedicels very short 
leaf-opposed, 1-4-flowered. Sepals 5-6 mm. long, + 2 mm. broad, linear-oblong, apiculate. 
Petals 6-8 mm. long and 2-3 mm. broad, ovate-oblong, yellow. Stamens 4—5 mm. long. Ovary 
linear; style indistinguishable, often appears truncate; stigma capitate, sparsely scabrous. 
Capsule 3.5-6 cm. long Xx 1.5-2 mm. broad, beak 3-fid spreading radially, glabrous 3-valved, 
valves without partitions between the seeds. Seeds + 1.2 mm. long xX 8 mm. broad, obliquely 
truncate at the top and at the base, black. Flowers open early as well as later after noon for 
2} hours. 


C. siliguosus LiNN. — Perennial shrub. Natural polyploid. Usually 1-3 (sometimes upto 6) ft. high. 
Stem and branches usually with a line of short hairs. Leaves small, variable in size, usually 
2-4 cm. long, sometimes 4 mm-7 cm. long; with teeth equal, ovate, acute or acuminate or 
oblong-lanceolate, glabrous or with a few hairs on nerves beneath; petioles hairy on upper 
surface. Flowers yellow, in groups of 2-3, sometimes solitary, axillary. Stipule subulate, tip 
finely pointed with pink tinge. Calyx 6-7 mm. long. Petals 5-6 mm. long. Anthers 64-70, 
yellow, globose. Capsule usually 2-celled, rarely 3-celled, 3.5-5 (upto 8) cm. long, linear, gla- 
brous but minutely puberulous along the line of separation between the veins, not beaked 
but with four short erect points at apex, transverse partitions wanting but sometimes indicated 
by lines. Seeds 3-angular with truncate ends, blue-black, about 1 mm. long. Flowers open at 
noon or later for 5-6 hours. 


OBSERVATIONS 


In C. olitorius the flowers are mostly in groups of three and in C. capsularis mostly 
in groups of four. The flowers of olitorius are much bigger than those of capsularis and 
they are therefore easier to emasculate and pollinate. | 

Pentamerous arrangement of flower parts is the most common in both the species, 
though variations are occasionally noticed in both of them, particularly more in 
olitorius. In each locule there are two rows of ovules in capsularis and one row in 
olitorius. The number of ovules present vary greatly in both the species particularly 
due to the presence of great variation in the pistil lengths (fig. 1) of both of them. 
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Number of ovules in olitorius (range: 97-211 per ovary) is several times greater than 
those in capsularis (range: 25-50 per ovary). 

Most of the olitorius flowers open by about 7 A.M. while the capsularis « ones do so 
by about 9 A.M. It is very important to complete pollination before 1 P.M. since the 
stigma loses its receptivity afterwards and fresh viable pollen is difficult to be pro- 
cured. 

Early blooming types of olitorius and capsularis were utilized with advantage in 
view of avoiding contamination from other pollen and due to the prevalence of fair 
weather at the time of pollination, besides giving enough long time to the slow- 
growing cross pod to develop and mature before the cold season sets in. 

Flowers were emasculated with finely pointed loose forceps in the previous after- 
noon and bagged with cellophane paper bags. One has got to be very careful in emas- 
culating smaller capsularis flowers due to their very small delicate styles. After care- 
fully pollinating the flowers in the next morning, they were again immediately bagged 
and labelled. Hundreds of flowers of both these species were pollinated by using a 
number of types of these species for three years (1953-1955). Some of the capsularis 
types namely — Maniksari (non-bitter), Deodhali (oval-poded), and Jap red (non- 
branching) — included in crossing are closer to olitorius in some particular characters 
mentioned above and have only specific gene differences in them. Many types of both 
the species were included in crossing in both the directions in order to determine the 
variation in the results of crossing due to varietal differences. The crosses were re- 
peated for three years for uncovering seasonal differences, if any. 

The wild types have also been included in the crossing programme since they, being 
in the lower state of evolution, are likely to eross among themselves as well as with the 
cultivated species of jute, which have supposedly been evolved from them. 

One week after pollinations, the bags were removed and the records were taken as 
to whether the flower has set or fallen in the bag. The set pod was labelled. Every 
plant used in crossing was loosely tied to a bamboo pole fixed by its side so as to pre- 
vent the plant from lodging due to the heavy wind and rain prevalent particularly in 
September and also to hold in position the cloth bags used in selfing the flowers of 
2-3 branches of the same plant with a view to maintaining purity of strains. 

Every week the individual set pod was checked whether it was continuing to grow 
or had fallen down during the particular stage of its growth. In all types of crosses, 
the number of flowers pollinated, pods set and pods harvested, were recorded. The 
cross pods were harvested after they matured fully. The seeds were extracted pod-wise; 
they were then classified as to full, partially full and empty (shrivelled) seeds, and their 
percentage calculated. Wherever the full seeds were obtained, they and the same num- 
ber of full seeds which were randomly taken from the bulk of selfed seeds of their 
parents, were weighed for comparison. The crossing results are summarised in 
table 1. 

It can be seen from table 1 that the setting of pods was observed in practically all 
the crosses but the percentage of pod set varied much (from 0 to 100 per cent. in 1954 
and from 0 to 90 per cent. in 1955) not only in different crosses but also in reciprocal 
ones. For the same type of cross, percentage of pod set found to vary during all the 
three years of crossing. 
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_The setting pods in the majority of crosses though quite good during all the three 
years, a good many of them failed to reach maturity and shed in course of their devel- 
opment mainly within fifteen days after pollination. In whatever crosses the pods 
were harvested, they were seeded except in one case where the pod was empty. The 
type of matured pods obtained in different crosses between C. olitorius and C. capsu- 
taris in both the directions are shown in fig. 2. 

The length and breadth of the largest cross pod obtained in both the directions of 
the interspecific crosses and the average length and breadth of ten selfed pods of the 
female parents concerned were measured with the view of determining their ultimate 
growth in the same duration of time. The measurements are given below: 


Seihelarpest oross hed Average size of the selfed pods 


Cross of female parent 
Length in mm _\Breadth in mm./ Length in mm. | Breadth in mm. 
1. C. olitorius (C.G.) Xx 28.0 885 69,0 4.3 
C. capsularis (D154) (range: 11.0-28.0) | (1.2-3.5) (64.0—74.0) (4.0-5.0) 
2. C. capsularis (D154) 9,8 TU 10.6 CH 
x C. olitorius (C.G.) (2.8-9.8) (2.5-7.7) (10.0-11.0) (9.0-—11.0) 


It can be seen from the above table that the size of the largest cross pod obtained 
in case of cross 1 (olit.® X cap. 5) is quite smaller than the average size of the selfed pods 
af the female parent concerned. In case of cross 2 (cap. Q x olit. 5) where capsularis 
is used as the female parent, the length of the largest cross pod is practically the same 
but its breadth is rather smaller than the selfed ones. The rate of growth of the crossed 
pods in both the cases was found to be much slower than those of self pods pointing 
out a sort of unbalance prevailing in the developing pod as well as in the seed-tissues; 
a large variation found in the size of the matured cross pods as can be seen from the 
range of length and breadth mentioned in the above table and also from fig. 2 clearly 
indicates this fact. 

The quantity and quality — empty, partially full and full (fig. 3) — of seeds produced 
varied greatly in various crosses including their reciprocal ones. Out of 20 combina- 
tions made in 1953, 33 in 1954 and 28 in 1955, 11, 18 and 15 of them respectively 
produced only empty seeds or no seeds whatsoever, and in practically all of the re- 
maining crosses during all these three years, most of the seeds produced are shrivelled. 
In whatever crosses some full seeds produced were found to be lesser in weight than 
the corresponding number of randomly selected selfed seeds of the maternal parent 
in the cross concerned. This clearly points out the underdevelopment of the seed 
tissues. 

Some of the local as well as exotic types of C. capsularis — Maniksari (non-bitter), 
Deodhali (oval-poded) and Jap red (non-branching) — included in crossing being closer 
to C. olitorius in their relationship for the specific characters as mentioned, no diffe- 
rence in their crossing results was observed when compared to those other types of 
C. capsularis. 

Several crosses were also made between different wild types and between wild and 
cultivated types of both the species. Good setting of pods was noticed in all the 


91 


hide el) on nn Gans peptgst — 6E [ OOL | TZ 0e hi 5 | so alá 
TS 00 876 | pepoos L 0 A SEEN (4 009 cl 0z TESTEN! TEI-OUL | € 
00 00 0'0OT | pepeos 0 0 961 TIE 6 SCE 91 4 5) VSI | 2 
(EED) (065) (292) 
SLE T8 €v9 | popoas € 67 88E GOT L 608 ve á4 vsId OOit 
(S9d£ poreArjno uoomJeg) 
p56l 
srrejnsdes por 3USIT 
00 00 0'0OT | pepeas 0 0 LOC TEI cl LET 61 08 eI3ON SNOMO PIEAA, | OC 
Ì À k (9) (4) Por 131 (6) 
Evy 00 L'S8 | pepoos S 0 0E 0'0s | 0E T Sg SMLIONO PIEAA BISON | 61 
D , (8) (81) slTejnsdeo s opeID (ZD) por WUST 
76e) 00 9'0L | PSpaas Or 0 vz SOI c ol) 61 OE PJA TUE STIONO PIM | 81 
pel 3USrT SIrejnsdes < 9PeID 
00 00 00 Syd d 0 0 0 00 0 El / SL SOIONTO PIM Pr TUe sLT 
(SadA3 pfraA UaoMJY) 
Em (op) (96) (ss) 
 Zovar <00 8'ES | pepoas ST 0 67 000 v S'8 v vl TEI-OUL <cIe-IAL | 91 
Is) . el el 
<< 00 00 0'0or „ pepses 0 0 ST8 | OSL 6 0'0£ CI Op TIT-I UL TEI-OUL | ST 
3 00 00 00 Ajdurd 0 0 0 00 0 00 0 v TIz-O UL ESL-OUL | #1 
E 00 00 0'0ol | popaas 0 0 6 0'sz Ï 00 v 8 ESL-OUL <tIe-IAl | El 
a\ 00 00 00 Aydud 0 0 0 00 0 EEE € HESyrUe 079-OUL | ZI 
C749) (TET) CLD) 
je 8LT| 00 TCL | Popoas El 0 SOE | STI S 07e 8 Sq SHe[nSde) £-0 ED 05 rI 
er T8L| OO 8'I7 | pepoos sl 0 S EEE Ï 00E € Or DI SHE[NSde) € 9PEID | OI 
m 
df 00 00 0'00L ‚ pepeas 0 0 OEE EEE q 077 9 ST TITAL Di 6 
Ax 00 00 0'00I ‚ popses ED 0 el 007 Ï O'sz S 07 En en 8 
5 EEE) OO L'99 | pepaes OI 0 0z 0'sz Ï 08 4 US TEI-OUL HEULEN | L 
E (6€g) (861) (OSL) 
LLS| 00 Ty | pepoos 65 0 TES | O'OOI La! vvo TT 4 ed, ee D 9 
T8I| 00 818 pepoos ET 0 EOL | €69 6 097 el Os 079-OUL HESyruen | S 
00 00 00 £jdurg 0 0 0 00 0 007 T OI 99 neypoed | y 
00 00 0'0OL | Popaas 0 0 67 0001 T 007 C Ol ESL-OUL neypood | € 
(OL) (68) (TpE) 
Ss) 00 9'yy | Popaas ha 0 LOT Sa19 9E L'VZ 9 SOI Bs vs 6) T 
* 
60 00 166 popeas 4 0 cer | SVS 9 TEI af €8 vsIaq he 
(S9d£I poreAnjn UAAMJAY) 
| E£S6T 
[ 7 
U Aen Aydurg Áyduro UA er Adu ae Ee ik ei ed ® vuored $ oled 
> En spod spod ds 5 RRS SIoMOY 
spoos Jo % popaos | spaog Kon Jo ‘oN JO %o Jo oN Jo ‘oN SSOI) 


°NNIT StADjnsdoa °2 ANV 'NNIT $/14071/0 °\) AO SAdAL LNAYAHAAIA NAAMLTH SAISSOUD AHL AO AUVWNNAS 'T TIAVL 


98 


HYBRIDIZATION BETWEEN CORCHORUS SPECIES 


00 
00 
00 
S'y9 


007 


El 
00 
00 
9'6 
00 


Sos 


0'0OL 
00 
0'0OI 
L'6 


v'66 
766 
gy 
000 
009 


r8s 
000 
0'00T 
SES 
000 
00 
668 
8'L8 
00 
0'00L 
000 


popoos 
0 

pepoos 

popoes 


pop2os 
popoos 
popeos 
popoos 
popeos 


popoos 


pepeos 


popeos 
popoos 
pepoos 
0 
popoos 
popsos 
0 
popoas 
pepaes 
£}durd 
0 
popoas 
0 
papoos 
popoos 


bh lan ee nl 


o © oooo © ooo © ro es oo oo u 


o © © 


Me On Er Om 


EL 


cl 


OSI 


€6 


047 


0'0s 


a OO 


IEN ON ie RN TD Ei DOO ADD UD MD 


‚a 


ERE 
00 

9 Ip 
99 


SEL 
EEL 
0'Op 
EEE 
JES 


O'pz 
99 
L'Lv 
006 
0'0p 
99 
0'0s 
69E 
00 

ERES 
OOL 
009 
00E 
009 
0'0L 
OSL 
08 


ei a 6 


ERG 


LI 
(4! 


cl 


Iz 


> st 
IS| 


NN 0 n= OO nm OO == WM O0 


ST 
07 
CI 
SL 


4 
SI 
Oe 
Sl 
LZ 


Os 
Sl 
vv 
Ol 
07 
SI 
Op 
(44 
Sl 
ST 
OI 
Or 
Ol 
OI 
OI 
TE 
Sq 


rr 


“waw UI SIUSIeM poos oyI oreorpur SJOjoeIQ YI UI SAINSIJ + 


5 9peID 
“pjrm Frens 
S ope1b 

“PEA TIEN 
uoaIL) 
SnIION[O PILA 
(Of) Par 1USTT 
SnIONO PIEAA 


(€) 
vsId 


VSI 

(vp) pel 3USIT 
SNLIOJMJO PIEAA, 
5 9pPeID 

“P[EA TUIN 
© 

99) 


(069) 
TIT-IUL 


LIESYIUC IN 


vsId 
uao18 SNIIONO 


JIEAP A[IES AIA 
(®) 
HESTUe IN 
ores 
SOUIes 
jmoÁres 
eIyeureH 
90) 
SOUIJeS 
59 

D'9 
eIoYeueH 


(CLE) 
pau der 


U99IL) 
SnIOMJO PILAA 

P21 1USTT 

SnLOHO PILAA 

C oPeID 

“pj TUTIN 
…_(S) < ope15 

PIM TUIN 
(S9AAJ PIM UooMJAG) 


(€) uoo1D 
snrzo3t[0 PIEAA 
par 1USTT 
Sno PJEAA 
(LD) 

vs Id 


S 9PeID ‘PJA TUIENN A 
(ssaÂ1 
POYLAINO 29 PA Uo9MJ90) 


(OE) 
TEI-OUAL 


Jeej Morreu snOHO 
OATeS 


(6) 


vs IT 
uears SNIIOO 


JIeMP A[IeS AIA 


WESTEN 
(EZ) 

D9 
SOUIes 
mozTes 
eIoyeureH 
IMOoATesS 
SOUIeS 
ONO) 

poy def 
eIoyeujeH 
19) 


(TET) 
rn 


€ 
(43 
Te 
0 


67 
87 
LZ 
9 
Sq 


99 


‚1. PATEL AND R. M. DATTA 


hd eend 


oe head - _ hed Vv vt . Mi U ‚EF haak “par 33171 aa bid 
00 00 0'0OT | Pepoos 0 0 TEI | 0'Op 0 0'0S S Or hed SNONO PEA | 97 
MLIOJ] 
00 00 0°0 0 0 0 0 0:0 0 0:09 9 Or PJA Aequog psIa | SZ 
SnIIOO 
Sal 00 S'86 | pspoos l 0 L9 0:09 G 0:05 S OT VSI PTA ene vz 
00 0:0 0'0OT | Pepaos 0 0 SIL | 9'99 p 0'Or 9 SI vsId een pd € 
00 00 0'0OI | PSpoos 0 0 IpL | O'SZ z 0:08 | 8 Ol vs IT SON PIIAA | ZZ 
g ô s (5) | (ID) < ope1D (8) par dea 
569 00 |SO0'€6 | Popoos S 0 £9 0:00 € 0'0E € OL | “PIE FULIEIDDT SnonO | IZ 
. / ® ()_s oPUID (6) 
60 0:0 166 | pepoos ( 0 STq | 0'OOI S 0'sz S 07 “PJA TUIejn T OON ROG 
4 p p (89) (78) (66) 
9'Ip | 00 785 | Popoos LS 0 08 0:05 8 L'St 91 SE 59 S ope1D “PJA FUIEY[N A | 61 
(sadá3 poreArjno 
| pue pj uoomjeg) 
(ZE) €449) (09) us913 SALOMO 
86L:r 0:0 Ad popoos Ly 0 GE 0'Sz I 9:97 v ST HESIUe IN JIEMp Ares KI9A | SI 
00 00 00 0 © 0 0 0:0 0 0:0 0 ST hae OR LI 
TS'8 00 [87'T6 | Pepoos Id 0 Ey 0:op T T'p1 S SE mores vsId | 91 
ua918 SnIIÓjIO 
00 | 00 | 00 0 0 0 0 00 0 0:0 0 Or zakel JIEMP A[IES AISA | SI 
ua913 SnONO 
00 00 0'0Or | papas be 0 [II | €'9E 12 EEL TI SI JIEMP A[Ie9 Aen Ha vl 
SEST| 00 |Z9Iv8 | Popoos | 8 0 bh | 999 | Z Ost € 0z "DI HEEN | EI 
p s 5 OD (L0) (SI) 
97 0:0 v'L6 | Popoos 8 0 GOT | 656 S ONS 6 07 HESYIUE IN eed 
00 00 | 00 0 0 0 0 0:0 0 0:0T I OI eioyewjenH | moxres | II 
€ 6E) 00 MEDE popoas € 0 9 0°0S Ï 007 T Ol MmoÁres eryeureH | Ol 
| 
00 00 00 | 0 0 0 0 0:0 0 0:0 0 ST | SOUIIJES | 6 
00 00 0°00I | Pepaos 0 0 II 9°99 7 00E € OI 20) pou def | 8 
00 00 0'0OT | popoas Ò 0 Le 99 Ï 009 9 Ol Pod pe oe, L 
88I/ 00 T 18 popoas ® 0 9 0'001 € 991 rd cl Et, Eeen 9 
S6TI 00 SO'L8 popoas 18! 0 vL 0'0s E 0'Or G ST meypoed SROI 
toa (ZE) (Cp) | (69) | 
8684 OO | ZO TS popoos vo 0 € $'87 (4 0'0L L Ol TEI-OUL HESYIUEN | P 
00 00 0'0OI | Popoas 0 0 671 ERO5 5 006 6 OE HESjIUEN | TEI-OUL | € 
00 00 0'0OI | Popaas 0 0 6£ 0'OOT € OST € 07 | 0 Arkel | C 
00 | 00 00 0 0 0 0 00 | 0 Gys S SE vsId Out 
| | | (sad£1 pareanpno uoomdod) 
| | | | SS6I 
Im aen Aadurg Aad Imma en Adu Ee ag es jos 4 Bitos SP 1uvIed $ vuored 
Ee re spod spod lo 7 lk samo 
spoos Jo % | Papa9S spoos Jo % Jo ‘oN Jo % TEN: Jo "oN SSOI) 


(AANNILNOD) 'T TIAVL 


100 


HYBRIDIZATION BETWEEN CORCHORUS SPECIES 


k crosses between wild and cultivated types and their reciprocal ones (table I); however, 
ta large number of the set pods could not reach maturity and has apparently fallen 
‚ down during their growth. Most of the seeds produced in these crosses are shrivelled 
‚and whatever full seeds were produced weighed quite less than those in the female 
} parents just as in the crosses between the types of the cultivated species. 
___Full and partially full seeds wherever obtained during all the three years of crossing 
\ were sown in their next growing seasons but none of them germinated. 
__The wild types of both the species though supposed to be closer in their relationships 
‚are likely to give better results in their crossing than the cultivated varieties of these 
‚species which are supposed to have been evolved from them; still the results of cross- 
ing are practically the same in all of them, thus pointing out that both the species are 
wide apart in their evolutionary scale. 

Ten flowers of each C. olitorius (var. C.G.) and C. capsularis (var. D154) were also 
pollinated one with the other after reducing the lengths of their styles to varying 

degrees — stigma cut‚ about half style cut‚ and no style. All the crossed flowers were 
found fallen in the cellophane bags within two days after pollination. It is difficult 
to say whether pollen grains ever germinated on them or not. Such pollinated flowers 
practically took the same time to fall as non-pollinated (control) ones. 

C. olitorius and C. capsularis were also crossed with some of the different species 
of Corchorus that are widely distributed in India and with C. siliguosus for the purpose 
of determining their relationships with them. When the wild types of olitorius and 
capsularis were pollinated with acutangulus (aestuans), at least some empty seeds were 
produced, but reciprocally not even pod set was noticed (table 2). The same wild types 
of olitorius and capsularis were pollinated with trilocularis and in a reciprocal manner; 
no seed was obtained in both the directions with the wild type of the former species 
but seeds — though most of them empty in one case (when trilocularis was used as 
female) and all empty in another case (when it was used as male) — were produced 
with the wild type of the latter species; their hybridization with tridens and siliguosus 
failed totally. 

In order to investigate the probable causes of obtaining mostly shrivelled seeds and 
a few under-weighed and non-viable full seeds in some crosses and subsequently to 
formulate the possible future line of action to overcome this interspecific incompati- 
bility, several flowers of C. olitorius (Type — C.G.) and C. capsularis (Type — D154) 
were carefully emasculated and pollinated under controlled conditions one with the 
other in the initial period of their flowering. From each type of cross, 10 to 20 pistils 
were fixed in Craf‚ and formalin-acetic-alcohol solutions at 5 minutes, 15 minutes, 
30 minutes, 1 hour, 1} hours, 14 hours, 2 hours, 24 hours, 2 days, 3 days, 4 days, and 
5 days after pollination. Pistils were also fixed at 30 minutes, and 24 hours after self- 
pollination. After 24 hours’ fixation, the pistils were dehydrated in an ethyl-alcohol 
series, cleared in cedar wood oil, infiltrated and embedded in paraffin. Pistils were 
also fixed in acetic-aleohol (1 : 1) for 24 hours and stored in 70 per cent. alcohol. 
They were then boiled in lacto-phenol (1 : 1) for 2 to 4 minutes for softening and 
clearing the tissues and then were placed in 1 per cent. acid fuchsin solution for 10 
minutes and squashed. The pollen tubes were seen in the stylar tissues (figs. 4 and 5). 

In the squashed preparations of the self- and cross-pollinated styles collected after 
30 minutes and 14 hours after pollination respectively, the longest pollen tubes found 


101 


‚TI. PATEL AND R.M. DATTA 


00 


SI 


00 


00 


00 00 0 0 0 0 00 0 00 0 6) 
00 00 0 0 0 0 00 0 00 0 5 
00 00 0 0 0 0 00 0 00 0 cl 
00 00 0 0 0) 0 00 0) 00 0 OL 
00 00 0 0 0 0 00 0 00 0 cl 
00 0'0OT | pepoos 0 0 OL $'8C G € gs je CI 
00 T'L8 popsas Lj 0 SL SEG Ï OST € 07 
00 00 0 0 0 0 00 0 0'Op 4 OL 
00 00 0 0 0 0 00 0 00 0 TI 
00 0'0OI | pepees 0 0 67 0'0OT d 06 G reg 
00 00 0 0 0 0 00 0 00 0 CI 
00 0'001 | popoas 0 0 8L 0'Or 6 0'0S S Or 
00 00 0 0 0 0 00 0 00 0 Ol 
Arrenzeg | SWA oe 2 URE \srrenzeg| “dw 2e : oe spad ae 
spaos jo 9% EeDoes spoag 30% [goon | 39% | JOCON | oon 


SNSONDIJIS “9 
(strejnsdea) 
S ope1D ‘prlM Tureyn 


SNSONDIJIS “9 


por 1311 
SnIONO PIEAA 


Par 131 

SAOH[O PIEAA 
SLIernoorin ER ) 
(stzejnsdes) 

5 oPeID “PJA WIM 
STIe[noorrn “> 


pol 2311 
SNIOIO PIEAA 


snjnsuejnoe D, 
(Strejnsdeo) 

S 9PeID “PJA TUIEY NH 
snjn8uejnoe 2 

Po 1U3TT 

SnHO3O PIM 


£ UeIed 


6 9peID 
PITA UIEN 


SNSONDIJIS 5) 


por 1311 
SnHONO PIM 


SNSONDIJIS 


suapIj ‘o 

(sLrejnsde3) 

S ope1D “pri Tuiexjm 
SIIejnooprn | 

Par 1US1T 

SMOIO P[EAA 
SLIe[nSOrrn 4e) 
(Slrejnsdea) 

S 9PeID “PIM TUIeYN 
snjn3uejnoe °5 

par 1US1T 

SNIZOO PIEAA 


snjnsuejnoe 5 


TRAS Aj PISA PISA | psjeu 


$tuoredg 


SSOI) 


El 


cl 


Jit 


Ol 


SNAOYIAOD AO SAIDAAS LNAYHAAIA NAFAALAH SASSOUD AHL HO AUVWNQS ‘7 ATAVL 


102 


HYBRIDIZATION BETWEEN CORCHORUS SPECIES 


én the styles together with the total stylar length were measured at Xx 120. The ob- 
servations are summarised below: 


te 


À | Length of the longest 5 
Material | pollen tube in Length of style in u 
{Olitorius RN Gapsuloris ARRA BER 554.00 2008.25 
Olitoruy(Selfyetsipsak ennn 982.00 1662.00 
rGapsularis:® X Olitorius San 277.00 1523.50 
Gapsularis Self) a annae 421.25 890.00 


The rate of pollen tube growth in self-pollination is faster than that in cross-polli- 
nation. In 30 minutes after self-pollinations the longest tubes have penetrated about 
half the distance from stigma to the ovary while in both the cross-pollinations, the 
longest tubes were found to have traversed about one-fourth the distance from stigma 
to the ovary in 1} hours. In the squashed materials, it was found very difficult to 
notice further the pollen tubes in the ovary and therefore the squash method could 
not be used to study the ultimate behaviour of tubes. 

Ten of the embedded pistils from each collection were sectioned longitudinally at 
10 u. The slides were stained in a schedule of tannic acid-iron chloride method as devel- 
oped by FosTER (1934) and they were stained in 0.125 per cent. aqueous solution of 
resorcin blue for 30 minutes. The pollen tubes got well stained and could be traced 
trom the stigma tip to the embryosac. In both the species, a great variation in the length 
of the styles was noticed (fig. 1); styles were measured at x 120. The measurements 
are summarised below: 


Number of styles Length of the styles in u 
Species measured 
Average | Range 
Brolitorius (var CG.) 40 | 1843.05 | 831.00-3116.25 
C. capsularis (var. D154) ... 32 1025.46 484.75—1748.50 


The average length of the olitorius styles is much greater than that of the capsularis. 
The range of style lengths as can be seen from above points out that the difference 
between the smallest and the largest styles is nearly four times in both the species. 
Capsularis styles are usually smaller than olitorius; however, sometimes they are equal 
to or even more in length than olitorius. 

The stigma of olitorius is bigger than that of capsularis. The pistils of both the species 
showed a stylar canal beginning from the tip of stigma and ending in the ovary (figs. 6 
and 7). The canal appeared to be of approximately the same diameter throughout its 
length. Styles are uniformly thick from stigma to the ovary. 

The pollen grains start germinating within ten minutes after cross-pollinations in 
both the directions as well as in case of their self-pollinations. Pollen tubes just begin 
to enter the stylar tissue after 30 minutes and penetrate a short length of the style a 
little after one hour of pollination (figs. $ and 9). 
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No perceptible difference is noted as to number of pollen grains of one species 
germinating on the stigma of the other. In self-pollinations, more pollen grains were 
found germinating on olitorius stigma compared to that on capsularis one. The rate 
of growth of the pollen tubes in crosses decreases as the tubes enter deeper and deeper 
into the style and finally into the ovarial chamber. 

In case of self-pollinations, pollen tubes enter into the micropyles and the em- 
bryosacs within 24 hours (figs. 10 and 12) but in no case tubes were observed to have 
burst out and discharged their contents in the embryosacs by this time, contrary to 
what was reported by BANERII (1932). In case of capsularis © Xx olitorius 5, the pollen 
tubes penetrate the entire style and enter into the embryosacs through micropylar 
ends by 48 hours after pollination (fig. 11). In 72 hours after pollination, the tips of 
the pollen tubes swell, burst and discharge the sperms; one of the sperms meets the 
primary fusion nucleus (fig. 13) and the other the egg more or less simultaneously. 
Sometimes one sperm fuses with one of the polar nuclei and the fused nucleus later on 
again coalesces with the other polar nucleus to complete triple fusion. 

In case of olitorius } x capsularisg, the pollen tubes reach the micropyles and enter 
into the embryosacs by 3 to 4 days after pollination (figs. 14 and 16) depending upon 
the position of the ovules in the elongated ovaries of olitorius. Branched pollen tubes 
in the embryosacs of some ovules of olitorius were occasionally found. A branched 
tube clasping the egg nucleus by three or four secondary branches can be seen in fig. 
14. Deeper stained oval-shaped sperm was observed in the process of fusion with the 
egg (figs. 15 and 17). A fertilised egg with two nucleoli and a primary fusion nucleus 
together with an oval-shaped sperm lying opposite to it can be seen in fig. 18. Usually 
fertilisation of the egg takes place earlier than that of primary fusion nucleus. Some- 
times, four days after pollination, triple fusion nucleus with one nucleolus bigger than 
the remaining two (fig. 19) was observed. One of the synergids was commonly found 
intact for some time in the earlier stages of the fertilised ovules; rarely two synergids 
get collapsed. 

The rate of growth of pollen tubes of one species into the style of the other was 
observed to be quite slower when compared to that of self-pollination. However, be- 
tween the crosses, olitorius pollen tubes in capsularis styles grew more rapidly than vice 
versa. Branched condition of the pollen tube was observed in the embryosacs of 
olitorius but no branching was noticed in those of capsularis. Polysiphonous and 
branching conditions of the pollen grains of both the species of jute were, however, 
found by one of the authors (1955) while studying the pollen germination in the 
sugar-agar- gelatin culture medium. 

Usually primary fusion of the polar nuclei occurs earlier than fertilisation of the 
egg and takes place anywhere in the embryosac. Fertilisation occurs earlier in the 
self-pollinated pistils than in the crossed ones. In both the cases of cross-pollinations, 
only a few ovules and particularly the ones situated at the upper portion of the ovary 
were found to have been fertilised (figs. 20 and 21). No trace of pollen tube was noticed 
in the embryosacs and even in the tips of the micropyles of the collapsed ovules, which 
were mostly found at the lower region of the ovary; a few shrivelled ones were also 
seen interspersed amongst the plump ones in the upper ovarial region. The very fact 
that practically all the fertilised ovules were found at the upper portion of the ovary 
in both the cross-pollinations points out that a few pollen tubes could reach and fertilise 
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‚Hie. 1. Flowers and pistils of diploid (2n 


Fi. 2. 
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— 14) and their autotetraploids 
Em SIE 

(1) 4n capsularis (var. D154) 

(2) ?2n capsularis (var. D154) 

(3) 4n olitorius (var. C.G.) 

(4) 2n olitorius (var. C.G.) 


Note (a) Flowers of autotetraploids 
almost double in size than 
their corresponding diploids; 


(b) A great variation in lengths 
of styles in all the cases. 


Pods of olitorius and capsularis and the ones resulted due to their crossing. x $ . 


Top row: Normal selfed pods of capsularis (var. D154) on the left; crossed pods of 
capsularis ® X olitorius & on the right. 

Bottom row: Normal selfed pods of olitorius (var. C.G.) on the left; crossed pods of 
olitorius ® X capsularis & on the right. 


Note (a) A great variation in the size of the crossed pods; 
(b) The smaller size of the largest cross pods in comparison with the selfed ones. 
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Fio. 3. Seed of the parental species and the ones 
obtained from the cross pods. Nat. size. 


Top row: (a) Full and viable seeds of o/itorius 
(var. C.G.) on the left; 
(b) Seeds from the crossed pods on 
the right. 
First three rows — apparently normal 
looking, full but underweighed and 
nonviable seeds; next two rows — 
partially full seeds; last two rows — 
shrivelled and empty seeds. 


HRe 


Bottom row: (a) Full and viable seeds of capsularis 
(var. D154) on the left; 


EN (b) Seeds from the cross pods on the 
es right; first two rows — apparently 
£ / > 8 normal looking, full but under- 

„À 5 Pe ed weighed and non-viable seeds; next 

5 two rows — partially full seeds; last 

Tg s p 5 


two rows — shrivelled and empty 
seeds. 


Fig. 4. Fie. 5. 


Fie. 4. _Squashed pistil of olitorius (var. C.G.) pollinated with capsularis (var. D154). Note the pollen 
tubes in the styles at 1 hour 30 minutes after pollination. x 120. 


Fie. 5. The same as above. Note the tubes just having penetrated a little in the style after 1 hour 
and 30 minutes after pollination. x 504. 
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Fig. 8. 


FiG. 6. Longitudinal Section of pistil of olitorius (var. C.G.) style length — 2005.00 p. 
Note (a) broad stigma with a number of pollen grains of capsularís; 
(b) uniformly wide stylar canal from stigma to ovary. X 48. 


Fie. 7. Longitudinal Section of pistil of capsularis (var. D154). Style length — 1150.25 u. 
Note (a) narrow stigma with a few pollen grains of olitorius; 
(b) stylar canal from stigma to ovary. X 48. 
FiG.8. Pistil of olitorius (var. C.G.) pollinated with capsularis (var. D154). Note the growth of the 
pollen tubes in the style at 1 hour and 30 minutes after pollination. x 504. 
Fig. 9. Pistil of capsularis (var. D154) pollinated with olitorius (var. C.G.). Note the growth of the 
pollen tubes in the style at 1 hour 15 minutes after pollination. x 504. 
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FIG. 
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Fig. 10. Fis. 11. 


Fis. 13. 


Self-pollinated ovule of olitorius (var. C.G.). Note the pollen tube intact in the embryosac 
at 24 hours after self-pollination. x 504. 


Self-pollinated ovule of capsularis (var. D154). Note the pollen tube intact in the embryosac 
at 24 hours after self-pollination. One synergid and the egg are seen. XxX 504. 


Ovule of capsularis (var. D154) pollinated with olitorius (var. C.G.). Note the presence of 
pollen tube in the micropyle and the embryosac at 48 hours after eross-pollination. x 504. 
Camera lucida drawing of capsularis embryosac with the burst pollen tube of olitorius at 3 


days after cross-pollination. Note that one of the sperms is in course of fusion with the 
primary fusion nucleus. x 2000. 


Fia. 14. 


Fie. 15. 


Fi. 16. 


Fis. 17. 
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Fia. 16. Fis. 17. 


Ovule of olitorius (var. C.G.) pollinated with capsularis (var. D154). Note the branched 
pollen tube in the embryosac clasping the egg at 3 days after cross-pollination. Xx 1760. 
Camera lucida drawing of olitorius (var. C.G.) embryosac with the burst out pollen tube of 
capsularis (var. D154) at 3 days after cross-pollination. x 2000. 

Ovule of olitorius (var. C.G.) pollinated with capsularis (var. D154). Note the darkly 
stained sperm of capsularis fusing with the egg of olitorius at 5 days after cross-pollination. 


x 1760. 
Camera lucida drawing of the embryosac of olitorius (var. C.G.) with the burst pollen tube 
of capsularis (var. D154) at 4 days after cross-pollination. Note the sperm is in course of 


fusion with the egg. X 2000. 
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FIG. 


FIG. 2 


Fro. 


Fis. 18. 


Fig. 20. Frio. 21. 


Camera lucida drawing of olitorius (var. C.G.) embryosac 4 days after eross-pollination with 
capsularis (var. D154). Note the fertilised egg with two nucleoli: One sperm is lying opposite 
to the primary fusion nucleus. x 2000. 

Primary endosperm nucleus of olitorius (var. C.G.) with one big and two small nucleoli 5 
days after cross-pollination with capsularis (var. D154). x 2000. 


Ovary of olitorius (var. C.G.) showing a few plump fertilised ovules and many collapsed 
ovules after 5 days of cross-pollination with capsularis (var. D154). Note the plump ovules 
situated at the upper half of the ovary. x 120. 


Ovary of capsularis (var. D154) showing a plump fertilised ovule and the rest aborted ones 
after 5 days of cross-pollination with olitorius (var. C.G.). Note the plump ovule at upper 
half of the ovary; style still persisting. x 120. 
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hose ovules, while most of the shrivelled ones were due to the failure of pollen tubes 
fn reaching and fertilising them. Even in some collapsed ovules prior to complete de- 
geeneration, nuclear contents are clearly visible in the course of their gradual collapse. 

Pistils have been fixed in FAA at 8, 10, 12, 15 and 20 days after cross-pollinations 
of one species with the other and vice versa for studying the development of the 
embryo and endosperm. The work is in the press. 


DISCUSSION 


The cytogenetical basis of incompatibility has been investigated in many species. 
‘ Several distinct types of behaviour have been reported. YASUDA (1932) classified these 
jin regard to the location in which the pollen was inhibited: (a) on the stigma, (b) in 
the style, or (c) in the ovary. SEARS (1937) also classified the reactions in practically 
the same manner as YASUDA. In jute, no perceptible difference is observed in the num- 
ber of capsularis pollen grains germinating on olitorius stigma and vice versa, though 
the olitorius stigma (being bigger)accommodates more pollen than the capsularis. In self- 
pollinations of both the species, it takes thirty minutes for the rapidly growing tubes 
to penetrate about half the stylar length, while in cross-pollinations only a few longest 
tubes are found to have traversed about one-fourth the stylar length in 14 hours after 
pollination; secondly pollen tubes are found in the embryosacs of most of the ovules 
within twenty-four hours in case of both the self-pollinations, while in. cross-polli- 
nations the tubes are observed in the embryosacs of only a few ovules and those too 
which are located at the upper part of the ovaries by two days in case of capsularis® x 
x olitorius 5 and by three to four days after pollination in case of olitorius @ X capsu- 
laris &: Practically all the ovules in the lower half of the ovaries are found in a collapsed 
condition; no pollen tubes are noticed in their micropyles nor in the ovarian tissues 
nearby. Only a few plump ovules observed at the upper part of ovaries are found to 
have been fertilised. The rapid rate of tube growth is thus of special significance in 
erossing these two species of jute in view of the fact that only a few tubes are able to 
reach the ovules before they lose their function. 

In case of olitorius Q X capsularis 8, branched pollen tubes in the embryosacs of 
some ovules are observed but not so reciprocally; however, the similarity in pollen 
tube behaviour in the crosses between them in both the directions is striking. The rate 
of pollen tube growth in cross-pollinations is much slower than in self-pollinations 
but not the same as was stated by SRINATH and KUNDU (1952) and a few ovules 
situated at the upper part of the ovary only get fertilised. The tubes fail to reach the 
lower half of the ovary. More or less similar pollen tube behaviour was found by 
BucHHotz et al. (1935) in Datura where the pollen tubes grew faster in styles belonging 
to their own species than in foreign ones, and that they often burst in the styles of 
foreign species. In Nemesia strumosa, SEARS (1937) observed that the incompatible 
tubes grow approximately as fast as compatible ones through the first three-fourths 
or four-fifths of the style, but then undergo a rather sudden deceleration in rate such 
that they grow more and more slowly and finally come to a stop at the top of the ovary. 
An almost similar case of pollen tube behaviour was reported by Arwoop (1941) in 
Trifolium repens. In crosses between olitorius and capsularis, the failure of enough 
number of pollen tubes to grow rapidly and fertilise most of the ovules is due to some 
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sort of resistance mated by the tubes all along in the foreign pistils. This sort of re- 
sistance is possibly due to uncongenial substance or substances to the pollen tube 
growth of one species into the styles of the other. Such substances are named by va- 
rious authors as inhibitory substances not allowing as far as possible the foreign tubes 
to reach the embryosac and effect fertilisation. 

In olitorius as well as in capsularis, a great variation in the stylar length is found. 
Usually the styles of capsularis are shorter than those of olitorius, and yet the results 
obtained in crossing one with the other are practically the same. The style shortening 
method as was suggested by BUCHHOLZ ef al. (1932) in crossing two species of Datura 
having varying style lengths was attempted but of no avail. There are cases where style 
length is a factor prohibiting successful hybridization. Focke (1881) observed that 
Mirabilis jalapa can be crossed with M. longiflora if the former is used as the female 
parent but not so if it is used as the male; STRASBURGER (1886) and Jost (1907) further 
observed that though the pollen grains of each germinate equally well on the stigma 
of the other, the tubes of jalapa are unable to make their way completely through the 
long styles of longiflora whereas the tubes of longiflora easily traverse the short styles 
of jalapa. The same cause has been suggested by OSTENFELD (1929) for this repeated 
failure in crossing Polemonium pauciflorum Q with P. mexicanum 4. THOMPSON (1930, 
1940) has summarised many cases of interspecifice incompatibility. 

In spite of several hundreds of flowers of different types of olitorius when pollinated 
by those of capsularis types (including some capsularis types — Maniksari (non-bitter), 
Deodhali (oval-poded), and Jap red (non-branching) — closer to olitorius in particular 
characters as mentioned) and vice versa by the authors for three years, no hybrids 
could be secured, though a great variation as to quantity and quality of pods and seeds 
obtained was noticed. The same sort of results was obtained when the wild types of 
one species were crossed with the other and also with their cultivated types. In all 
combinations of crosses made, pod set was observed in practically all of them though 
the percentage set varied greatly. A good many set pods failed to reach maturity and 
shed mostly within fifteen days after pollination. Cross-pods grew slower than the selfed 
ones. The slow rate of growth of the cross-pollinated ovaries in both the species is due 
to the failure of pollen tubes to reach the majority of the ovules, stimulate and fertilise 
them. A large variation was noticed in the size of the matured cross-pods; the largest 
ones obtained in different crosses were always smaller than the selfed ones and parti- 
cularly much more so when olitorius was used as the female parent. SACHET (1948) 
reported very similar cases in six interspecifie crosses of Datura: the crossed cap- 
sule is retained on the plant for a long time and is never as large, however, as a capsule 
from a selfed flower of the same age. 

Most of the seeds obtained are found to be shrivelled and empty; some partially 
full and a few apparently normal looking full seeds more or less of the same size as 
selfed ones are obtained in certain crosses between olitorius and capsularis. The full 
seeds from whatever crosses obtained are always less in weight than the weight of the 
same number of selfed seeds of the female parent concerned pointing out the under- 
growth of the seed tissues. Very small quantities of seeds are produced in the cross- 
pollinations compared to self-pollinations owing to the slower rate of pollen tube 
growth and as a result the failure of fertilising the majority of ovules. The production 
of underweighed and non-viable partially full and full seeds point out that there are 
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apparently some sorts of difficulties in normal growth of embryo or/and endosperm. 
_A kind of unbalance seems to be prevailing either directly between endosperm and 
embryo or of any one or both of them with the surrounding maternal tissue and con- 
sequently resulting into degeneration of the fertilised ovules during their varying 
period of growth. Many cases of degeneration of fertilised ovules at different stages 
of their growth have been described by Boyes and THOMPSON (1937) for various inter- 
specific crosses in cereals, by BRINK and COOPER (1939) for alfalfa, by SATINA and 
BLAKESLEE (1935), and SACHET (1948) in many interspecific crosses of Datura, and by 
COOPER and BRINK (1940) for certain species crosses. 

The main barriers in the successful hybridization of olitorius and capsularis are thus 
firstly the ineffectiveness of most of the pollen tubes to grow rapid enough and fertilise 
the majority of ovules and secondly the failure of even few seeds that are obtained to 
germinate; the strongest barrier is thus the second one which is termed as hybrid 
inviability by STEBBINS (1950) and is considered one of the most widespread in iso- 
lation of the plant species. The possibilities of getting hybrids between these two cul- 
tivated species of jute either by dissecting out the embryo from the seeds before they 
stop developing and growing them artificially in suitable culture media as was done by 
LAIBACH (1925) in the interspecific crosses in Linum, by BLAKE (1939) and LAMMERTS 
(1942) in crosses between peach varieties, by BRINK et al. (1944) in Secale cereale X 
Hordeum jubatum, and by BLAKESLEE and SATINA (1944), and MCLEAN (1946) in the 
interspecific crosses in Datura, or by grafting the embryos of one species onto the endo- 
sperm of other as was done by PISSAREV and VINOGRADOVA (1944) in crosses between 
Triticeum and Elymus still remain. 


SUMMARY 


The pollen grains of olitorius and capsularis germinate within ten minutes in cross- 
pollinations as well as self-pollinations. No perceptible difference is observed in the 
number of capsularis pollen grains germinating on olitorius stigma and vice versa, 
though olitorius stigma being bigger accommodates more pollen than capsularis. 

The rate of growth of the pollen tubes of one species into the styles of the other is 
slower and decreases as the tubes enter deeper and deeper into the styles and finally 
into the ovarial chamber when compared to that in self-pollinations of both the 
species. In self-pollinations, it takes thirty minutes for the rapidly growing tubes to 
penetrate about half the length of the styles, while in cross-pollinations only a few 
longest tubes are found to have traversed one-fourth the stylar length in one and one- 
half hours after pollination; pollen tubes are found in the embryosacs of most of the 
ovules within twenty-four hours in case of both the self-poltinations, while in cross- 
pollinations the tubes are observed in the embryosacs of only a few ovules and those 
too which are located at the upper part of the ovaries by two days in case of capsularis 
Q x olitorius Z and by three to four days after pollination in case of olitorius © x 
capsularis 5. 

In both the cases of cross-pollinations, only a few ovules particularly those situated 
at the upper part of the ovaries are found to have been fertilised. Almost all the ovules 
in the lower half of the ovaries are in a collapsed condition; no pollen tubes are noticed 
in their micropyles nor in the ovarian tissues nearby. 
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In both the species, styles vary a great deal in lengths. The difference between the 
smallest and the largest styles is nearly four times in both the species. Capsularis styles 
are usually shorter than o/itorius; sometimes they are equal to or even more in length 
than olitorius. Variation in style length does not interfere in crossing olitorius and 
capsularis. 

Several hundreds of flowers of different capsularis types were pollinated with those 
of olitorius and vice versa for 3 years. The setting of pods is observed in practically 
all the crosses but it varies greatly in different crosses including reciprocal ones. A 
large number of the set pods sheds in course of their development mostly within 
fifteen days after pollination. Cross-pods grow slower than the selfed ones. Mature 
eross-pods vary much in their size; the largest ones obtained in different crosses are 
smaller than the selfed ones. 

Very small quantities of seeds are produced in the cross-pollinations compared to self- 
pollinations. The percentages of empty, partially full and full seeds produced vary 
greatly in different crosses including their reciprocal ones. Most of the seeds obtained 
are shrivelled and empty. A few apparently normal looking full seeds more or less 
of the same size in appearance as selfed ones that are produced in certain crosses weigh 
less than the same number of selfed seeds of the respective female parents concerned; 
this suggests the under-development of the embryo or/and endosperm. The seeds do 
not germinate. Even in spite of including some types of capsularis closer to olitorius 
in certain characters and the wild types of both the species in the crossing programme, 
still there is no success in getting hybrids between the two cultivated species of jute. 
Style reduction methods also fail. The possibilities of getting hybrids between them 
are indicated. 
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SAMENVATTING 


De soortskruising Corchorus olitorius X C. capsularis en een cytogenetisch onderzoek 
naar de oorzaak van het afsterven van de embryo's 


Getracht is de soortskruising van Corchorus olitorius X C. capsularis tot stand te 
brengen. Voor de veredeling van jute (o.a. op ziekteresistentie) zou dit belangrijke 
perspektieven kunnen bieden. 

Ofschoon wel enig zaad verkregen werd, gelukte het toch niet daaruit F,‚ planten 
op te kweken. Bij de voortzetting van het onderzoek zal gezocht worden naar metho- 
den om de beide soorten toch te overbruggen. 
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ABSTRACT 


The paper deals with the cytogenetics of a new three species hybrid combination 
obtained as a result of crossing N. tabacum with the fertile amphiploid N. glutinosa X 
N. trigonophylla. The amphidiploid was established through colchicine doubling of 
a sterile hybrid of the same parentage in 1956. The tabacum-amphidiploid cross was 
made reciprocally and meiosis of both the hybrids was studied. While the N. tabacum 
Xx (glutinosa-trigonophylla) hybrid showed a pairing frequency of 6.09 bivalents (2 n 
of hybrid: 48) the reciprocal (glutinosa-trigonophylla) x_N. tabacum, showed a mean 
bivalent frequency of 10.07. Other stages of meiosis also revealed differences. Pollen 
fertility was reduced to less than 1.0% in both and the hybrids proved to be sterile 
although one of them, (glutinosa-trigonophylla) x N. tabacum, exhibited a heavy 
setting of parthenocarpic capsules. In spite of continued failures, germination could 
be induced in a single seed of a backcross between N. tabacum Xx (glutinosa-trigono- 
phylla) and N. tabacum. 

While the amphiploid of the original cross possessed predominance of glutinosa 
characters, the reciprocal hybrids showed a greater expression of tabacum characters. 

The pairing behaviour of the hybrids is discussed in the light of pairing behaviour 
of the same species in other hybrid combinations and a tentative assumption is drawn 
explaining the affinity between N. trigonophylla and N. tomentosiformis (present in 
the tabacum genome), confirming, to a certain extent, the statement that a rela- 
tionship appears to be evident between the progenitors of the sections tomentosae and 
trigonophyllae, both with 12 chromosomes. 


INTRODUCTION 


As further additions to the extensive list of interspecific hybrids made out by 
GOODsPEED in his monograph on the genus Nicotiana (2), several fresh combinations 
were tried with success at the Central Tobacco Research Institute, Rajahmundry. 
KRISHNAMURTY and BHAT (10, 11) have reported on the cytogenetics of the amphi- 
ploid generations of N. glutinosa x_N. trigonophylla. 

This amphiploid which was found to be cytologically stable and breeding true for 
visible characters was also tested for its reaction to the mosaic virus and found to 
be resistant. Crosses were then made between the amphiploid and non-parental spe- 
cies, particularly with N. tabacum, to find out if any fertile hybrid possessing mosaic 
resistance could be obtained. Several trispecific hybrids involving this amphiploid 
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have thus been successfully produced and are under study but the present paper deals 
mainly with the hybrid involving N. tabacum. 


MATERIALS AND METHODS 


Several plants of the amphiploid (C 3) F3 generations were grown during the year 
1957-58 and crosses were made reciprocally with N. tabacum. Capsule setting was very 
good and germination of the crossed seeds was satisfactory. Healthy plants were ob- 
tained from both crosses and flowering was profuse. Though in general the reciprocal 
hybrids resembled each other, there were differences in some minor plant characters 
and in chromosome pairing during meiosis. These hybrids therefore are treated inde- 
pendently in this paper. 

Somatic counts were made from root tip squashes involving pretreatment with 
8-oxyquinoline, while meiotic studies were made from buds fixed in propionoalcohol 
(1 : 3) and smeared according to the propiono-carmine schedule (SWAMINATHAN et al, 
15). Pollen fertility was determined on the basis of stainability in aceto-orcein while 
germination tests were made in agar-sucrose medium. 


EXPERIMENTAL RESULTS 


Morphology: The morphological characters of the basic parents, i.e. the amphidi- 
ploid and the reciprocal hybrids, are given in table 1. The hybrids possess predomi- 
nantly tabacum characters. Plant height, inflorescence and flower characters however 
are intermediate (fig. 1 to 5). It is interesting to note that the leaf shape of the pollen 
parent dominates in the hybrid. While the tabacum X (glutinosa-trigonophylla) Fy 
possesses the leaf type of the amphiploid, the reciprocal with tabacum as the male 
parent shows tabacum leaves (fig. 3). The hybrids have a longer life and produce 
more flowers as compared to the parents but they are completely sterile. A character- 
istic feature of the (glutinosa X trigonophylla) x tabacum hybrid was the heavy 
setting of parthenocarpic capsules which was totally absent in the reciprocal (table 1). 
Back-crosses to the amphiploid or to the original parent or to tabacum have so far 
failed. Attempts are under way to induce fertility. A few seeds however have been 
obtained in only one cross between N. tabacum X (glutinosa X trigonophylla) x taba- 
cum and after sowing, one seed has germinated. 


Cytological observations: 
L. N. tabacum (n = 24) X (N. glutinosa x_N. trigonophylla) n — 24). 


From root tip squashes the somatic chromosome number of the hybrid was deter- 
mined to be 48, which may be interpreted as 24 belonging to N. tabacum and 24 to the 
amphiploid (6 and 11). From clear metaphase plates an analysis of the karyotype could 
be made. The observations are recorded in table 2. Five of the total chromosomes are 
satellited. Twenty four chromosomes possess median constrictions and eighteen are 
sub-median. The rest are svhterminal. 

Meiosis in the hybrid was marked by several irregularities. Lack of breakdown of 
microsporogenesis during early stages or modification of stamens into sterile organs 
indicate the absence of any cytoplasmic interactions among the three genomes which 
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TABLE 2. KARYOTYPE ANALYSIS IN THE TRISPECIFIC HYBRID, CHROMOSOME LENGTH AND POSITION OF 


CENTROMERE 
Long (above 8 micron) | Medium (4 to 8 micron) Short (below 4 micron) 
MEDED Medien AR Total, Median er rd Total [Median Pre | Read Ton 
[ 
4 | 8 | 2 | 14 | 12 | 10 4 | pIE | - | - | 8 
(3 Sat. ch.) (2 Sat. ch.) 


Total number of chromosomes — 48 


apparently are functioning harmoniously. Diakinesis revealed a chiasma frequency 
of 11, with seven pairs showing single chiasmata and 2 pairs showing double chiasma. 
The remaining 30 chromosomes lay in an unpaired state. Some of the chromosomes 
showed a tendency to lie in pairs though no actual pairing was observed. Apart from 
two pairs where the chiasma was terminal, the rest were interstitial. 

While the parents or the amphiploid (glutinosa-trigonophylla) regularly formed 24 
bivalents, the hybrid showed a varying number of bivalents ranging from 2 to 13, 
with a mode at 6 (table 3). The mean bivalent frequency was calculated to be 6.09. 
(Fig. 7). 


TABLE 3. BIVALENT FREQUENCY IN THE TRISPECIFIC HYBRIDS 


| Total | Bivalent 


Hybrids Onl 12 3e AI Or sans SO TORI LSL P.M.C] frequency 


N. tabacum X (glutinosa- 


érisonophyla) et A. ESS 1ORTOP 1025 A2 AOL O 2 EENS 87 6.09 
(glutinosa-trigonophylla) Xx 
Nstabaelm var Sone. — — — —- 12 8 8 6 18 4 2 58 10.07 


The unpaired chromosomes lay scattered during MI stages and were invariably ar- 
ranged in a circle. About 38 % of the cells showed regular anaphase separation without 
laggards or off-plate chromosomes. The number of chromosomes moving to the poles 
however was not equal. In All the seperation was more irregular, only about 4% 
showing normal organization of groups. Here also the groups were unequal in the 
number of chromosomes. Several chromosomes remained off the spindle in the cyto- 
plasm. Because of these irregularities, tetrad formation was reduced very much, about 
4% forming balanced tetrads. These evidently gave rise to the small percentage of 
stainable grains observed in the anthers (table 4). Pollen fertility was found to be as 
low as 0.1 %. As mentioned earlier all attempts at inducing fertility through colchicine 
or back- or out-crossing have so far failed except in one case where very few seeds 
were obtained as a back-cross to tabacum. No parthenocarpic capsule was set in the 
plant and this is in striking contrast to the reciprocal hybrid where formation of 
enormous capsules without seeds was a characteristic feature. 


2. (N. glutinosa x_N. trigonophylla) x_N. tabacum. 


The somatic number of the reciprocal hybrid was determined to be 48 which is the 
same as that of the hybrid described above. Several plates were studied in detail and 
the karyotype pattern was also found to be similar. 
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TABLE 4. MEIOSIS IN PARENTS, AMPHIDIPLOID AND TRISPECIFIC HYBRIDS 


: Ar An Sporads 
Material Bivalent Pollen 
freguency |__Nr. of 5 Nr. of % Nr. of Se fertility 
P.M.G. normal P.M.C. normal cells normal 
N. glutinosa …... 12 50 100 50 100 50 98 O8 
N. trigonophylla. … … 12 50 100 50 100 50 100 100 95 
(glutinosa X trigono- 
phylla)mane MST. 24 120 98 188 98 200 98 98% 
N. tabacum Xx (gluti- 
nosa-trigonophylla) 6.09 64 38 56 4 100 4 OM 
(glutinosa-trigonophyl- 
la) x N.tabacum | 10.07 COM NS 52 8 80 2 1525/ 


Meiosis in the hybrid was studied from several anther smears. As indicated in table 
3, the mean bivalent frequency was determined to be 10.07 which is markedly higher 
than what was observed in the reciprocal, viz. 6.09. Cells with less than 8 bivalents 
were never observed and the range was between 8 and 14, with a mode at 12 (table 3). 
Over 30% of the cells showed regular formation of 12 bivalents. Al was marked with 
the same irregularties as in the previous hybrid. Precocious seperation of univalents, 
lagging of chromosomes in spindle and scattered arrangements of univalents were 
commonly met with (fig. 8). About 34% of the cells showed normal separation al- 
though grouping at the poles was not equal. All was still more irregular with only 
about 8% showing clean separation. Micronuclei, chromosomes in the cytoplasm, 
heavy lagging of dividing univalents on the spindle were the regular features. As a 
consequence, tetrad abortion was very great and only about 2% of the total cells 
observed showed the four celled condition while the rest were polyads, containing some- 
times as many as eight cells in place of four. Pollen fertility was therefore reduced 
to about 1%/ and even these grains failed to germinate under artificial conditions. 
The hybrid therefore proved to be sterile. However, heavy parthenocarpic setting of 
capsules was found to be very characteristic of this hybrid. The capsules reached the 
size of normal capsules and remained on the plant till they were removed artificially. 
The capsules did not contain even a single good seed and had only shrivelled and un- 
developed ovules. Several attempts have so far been made to induce fertility through 
colchicine and also back- and out-crossing. However, no success has so far been 
achieved. 


Genetic studies 


Since the hybrids are in the F, stage, much genetic interpretation could not be given 
although the partial dominance can be considered in the light of dominance relation- 
ship of characters. All the characters of the hybrid have been compared with the basic 
parents as well as with the amphiploid and are brought out in detail in table 1. While 
most of the characters of N. tabacum are predominating in the hybrid, characters 
such as flower shape, dorsal elongation of the fifth sepal of the calyx, and curved and 
dorsally pressed position of the anthers and style are derived from N. glutinosa, trans- 
mitted through the amphiploid. Since the characters of N. trigonophylla did not show 
up much in the amphiploid itself its expression in the trispecific hybrid has been 
further masked by the dominance of tabacum-characters. 
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KRISHNAMURTY and BHAT (11), in discussing the genetic aspect of the amphiploid 
glutinosa-trigonophylla, referred to the differences in dominance relationship of certain 
characters in the hybrid and dominance relationship of the same characters in intra- 
specific tabacum crosses. They suggested the possibility of non-appreciable differentia- 
tion of the loci for these characters which revealed a different pattern of dominance. 
It was also indicated that possible epistatic genes in the dominant species in the am- 
phiploid might be operating to mask the expression of these characters. In the present 
hybrids, however, the inheritance of characters appears to follow the same pattern 
as is observed in intra-specific tabacum crosses. 


DISCUSSION 
Trispecific hybrids in Nicotiana 
Before discussing the possible relationship of species combined in the trispecific 


hybrid, it would be useful to know instances of other trispecific hybrids so far obtained 
in the genus Nicotiana. They are: 


L. (N. sylvestris X _N. rusbyi) x N. tabacum: N. triplex. Fertile — Kostorr 1931, 
1933, 

.(N. tabacum X (N. sylvestris X _N. tomentosiformis). Fertile — GREENLEAF 1941. 

(N. rustica X _N. tabacum) x_N. sylvestris. Sterile — KosTOFF and RADJABLY 1935. 

(N. glutinosa x_N. sylvestris) x_N. tabacum. Fertile — FARDY and Hrrier. 1945. 

(N. tabacum x_N. glutinosa) Xx N.glauca. Fertile — FARDY and HrTier. 1945. 

(N. tabacum x_N. rusbyi) x N. glauca. Fertile — LEHMANN. 1936. _ 

(N. rustica x_N. tabacum) x_N. glauca. Sterile — KosToFF and RADJABLY. 1935. 

. (N. rustica X _N. paniculata) x_N. langsdorffii. Fertile — Mc. Cray. 1932. 

. (N. rustica x_N. paniculata) x N. caudigera (pauciflora) — Sterile — KosTOFF. 
1935. 

10. N. rustica X (N. bigelovii x_N. suaveolens). Sterile — MopirEwsky. 1939. 

11. (N. bigelovii X N. suaveolens) x_N. glauca. Sterile — MopirewskKy. 1939. 

12. (N. bigelovii x_N. suaveolens) x_N. langsdorffii. Sterile — MopirewskKy. 1939. 


OPANA AN 


It may be interesting to note that in all the hybrids enumerated above the third 
species was crossed invariably with an amphiploid (bracketed species) either obtained 
artificially or through unreduced gametes. Six out of the 12 hybrids have been re- 
ported to be fertile. Either N. tabacum or N. rustica has been one of the parents in 
10 out of 12 crosses. If _N. tabacum is split into its ancestral specific base namely 
N. sylvestris and _N. rusbyi (tomentosiformis), then hybrids No. 1, 2, 3, 4 and 6 may be 
regarded as crosses between related species while 5, 7, 10, 11 and 12 are new species 
combination. Hybrids No. 8 and 9 may be assumed to be related species crosses in 
as much as N. paniculata is being regarded as a possible ancestor of N. rustica. Hence 
only 5 out of the 12 are crosses among unrelated species. 

To the above list may be added the instances of tri-specific hybrids obtained at this 
Institute. Table 5 presents the success and survival capacity of the different hybrids 
so far raised. The cytogenetic behaviour of the (glutinosa-trigonophylla) x megalosi- 
phon is being worked out. 
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The genomic constitution of the tri-species hybrid is broadly as follows: 


Basically the F‚ hybrid N. glutinosa (n: 12) X N. trigonophylla (n: 12) consisted 
each of a single set of chromosomes and this has been doubled through colchicine. 
In the C, C; and subsequent generations the same number of chromosomes was 
maintained (glutinosa 24, trigonophylla 24). It may be assumed that a balanced am- 
phiploid has been established, evidently through autosyndetic pairing of the parental 
chromosomes. As no segregation as to any of the characters has ever been noticed, it 
may also be assumed that the two genome sets were operating independently but 
harmoniously. By a cross with N. tabacum a third genome has been introduced. Due 
to easy setting of crossed capsules and development of good seeds in the reciprocal 
crosses, it should be considered that the tabacum genome had found a favourable 
medium to operate harmoniously with the other two species. Evidence of disharmony 
is traceable only during meiosis when irregularities appeared at all stages. Neverthe- 
less a certain amount of pairing was noticed in the hybrids and in the light of species 
relationship this pairing can be interpreted in more than one way. For a better under- 
standing of this a list of hybrids already investigated and relevant to the present study 
is abstracted below to indicate their pairing behaviour during meiosis: 


(Ref. : GOODSPEED, 1954) 


(Figures in bracket indicate haploid number) 


Cross Mean Mode 
INTRASECTIONAL: bivalent frequency 
EUENOSON DIEN OLOD MOTARD) BETE EEE 32 3 
f mt OMENtO for MIS (12) vR EE 310 5 
eN SEOMENLOSHAUDIN ES Je TR SOENS, EESTE ED 3.88 5 
INTERSUBGENERIC: 
SUL OS UZI IES VES TE (IO) Re 1.42 2 
ze SMI SONOPN VON NDE te ERE VE 6.24 6 
(KRISHNAMURTY & BHAT, 1958) 
INTERSUBGENERIC: 
tieonophvllassetohell (EZRA PA 4.02 4 
a VerlONieN OSU rs dee senti her vel ann te ond RN 7.60 7 
5 A LOMENTOSTONM DS Wet bee EN 2.89 3 
INTERSECTIONAL: 
tabacum (24) totoph oral U 2IMRee Re Teek re ren et 11.61 12 
LADOCUP NOM ENLOSTIOUTISKC UD) er nr ree 12 12 
A COMEN ON te tee eN 11.95 12 
55 KESELERN CUD) VEE PEENEE AAL TEE EN 12.01 12 
3 xielutosa (ADs nt ere kr ER Ke EE 4.007 3 
INTERSUBGENERIC: 
tabacurn. Xpalmerb A2) Nn nn 4.02 4 
tabacum X trigonophylla (Goopsprep, 1959) .. 0.11 pairs 5.6 
tabachin KISHIVELTISE AE ENE ANO EAN: 11.26 12 
PAIRING IN THE THREE SPECIES HYBRID: 
N. tabacum X (N. glutinosa Xx _N. trigonophylla) (24) ........ 6.09 6 
(N. glutinosa X _N. trigonophylla) x_N. tabacum 10.07 12 
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Fie. 11. Drawing of somatic plate as in Fig. 6 


From the above data it may be noted that N. tabacum with glutinosa shows a biva- 
lent mode at 3 and trigonophylla at 6 (TAKINAKA, 16). In tomentosiformis or sylvestris 
the mode is 12. In the amphiploid glutinosa trigonophylla the mode is 6 if tabacum is 
the female parent and 12 if the male. N. glutinosa with either N. sylvestris or tomen- 
tosiformis shows a mode at 3. There are no data available on the pairing between 
frigonophylla and sylvestris. 

If there had been a good homology for the somatic number 48 of the trispecific 
hybrid, a high degree of pairing might have been be expected, but actually about 6 
bivalents were observed. In the undoubled F, glutinosa-trigonophylla, pairing was cal- 
culated to be of the order of 6 bivalents. Since a similar pairing is exhibited by the 
trispecific hybrid, it may not be improbable that 6 of the glutinosa and trigonophylla 
chromosomes have paired as in the F, leaving the tabacum chromosomes alone. This 
pairing might have been stimulated by the presence of alien chromosomes of N. taba- 
cum. It may also be that some of the glutinosa chromosomes, say 3, might be pairing 
with 3 of the tomentosiformis chromosomes, assumed to constitute the tabacum 
genome and 3 of the trigonophylla with a similar number of tomentosiformis. The 
maximum pairing may even go up to 5 glutinosa and 3 trigonophylla with an equal 
number of tomentosiformis resulting in 8, which was observed in about 10 per cent 
of the cells in the hybrid. It has been assumed that the sylvestris chromosomes have 
not been involved, as there is very little pairing between them and glutinosa. That the 
tomentosiformis chromosomes rather than the sylvestris ones in the tabacum might 
have been involved is also substantiated by the fact that glutinosa and tomentosiformis 
belong to the same section viz. tomentosae. 

Á third explanation may be given by assuming that only trigonophylla chromosomes 
have paired with tomentosiformis to form the bivalents since good pairing has been 
recorded to exist between trigonophylla and tabacum (TAKENAKA, 16). No glutinosa 
chromosomes would have been involved. 

Pairing in the reciprocal hybrid viz. (glutinosa-trigonophylla) appears to be some- 
what different. The pairing mode is 12, with a bivalent frequency of 10.07. It cannot 
be assumed here, as also in the other hybrid, that the tabacum chromosomes have 
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paired among themselves autosyndetically, since it has been proved that no pairing 
exists in haploid tabacum which really provides an evidence of homology among the 
haploid chromosomes. Of course in forms of _N. tabacum like “purpurea”, “Machu 
Pichu”, and “coral”, a certain degree of pairing has been reported in the haploid 
state, but these are regarded as possibly due to structural changes in some of the chro- 
mosomes as a consequence of translocation resulting thereby in the degree of pairing 
observed. 

Allosyndetic pairing between the set of glutinosa and trigonophylla chromosomes 
resulting in 10 to 12 bivalents also has to be ruled out since such a high degree of 
pairing has not been recorded. Even in the F,, only 6 pairs were formed between the 
two species. Therefore it has to be assumed as partly pairing between the glutinosa 
and trigonophylla chromosomes, say 6 pairs, and the rest between those of tabacum 
and glutinosa or trigonophylla. This would mean that pairing to some degree has been 
effected with one or the other species. Differences in pairing to some extent are also 
influenced by either environmental change or due to different races of one or the other 
parental species involved. Such cases in reciprocal hybrids have been reported even 
in Nicotiana hybrids (Kostorr, 9). The differences in the pairing behaviour of the 
reciprocal trispecies hybrid described here, therefore, may possibly be due to inter- 
action of the genomes themselves since three unrelated species are brought together 
in its constitution. 

In conclusion, from the phylogenetic point of view the pairing behaviour of the 
trispecific hybrids to some extent help confirm the observations of GOODSPEED (2) that 
the tomentosoid subgenome of N. tabacum would have retained certain homologies 
common to the sections tomentosae and trigonophyllae, and that the relationship might 
be originating through a common progenitor on the 12 chromosome-level of the mem- 
bers belonging to the two sections. While the above author has taken the case of 
tabacum-palmeri hybrids, the present observations with trigonophylla as one of the 
species involved and also as one of the two members in the section trigonophyllae 
might further strengthen the hypothesis. 


SAMENVATTING 


Cytogenetisch onderzoek van de drievoudige soortsbastaard Nicotiana tabacum X 
(N. glutinosa X _N. trigonophylla) 


Met behulp van colchicinebehandeling werd in 1956 de steriele bastaard van Nico- 
tiana glutinosa x_N. trigonophylla verdubbeld. De aldus verkregen fertiele amphidi- 
ploid (welke onvatbaar was voor het tabaksmozaïek-virus) werd reciprook gekruist 
met N. tabacum. De uit genoemde 3 soorten opgebouwde bastaarden bezitten 48 chro- 
mosomen. Ze zijn in hoge mate steriel. Slechts 1 kiemend zaad werd verkregen van de 
terugkruising met N. tabacum. 

Terwijl de amphidiploiden van de oorspronkelijke kruising vooral glutinosa eigen- 
schappen vertoonden, hadden de reciproke bastaarden met N. tabacum meer tabacum- 
kenmerken. 

In het gedrag van chromosomen-paring werd een bevestiging gevonden van de ver- 
wantschap tussen de 12-chromosomige voorouders van de secties tomentosae en 
trigonophyllae. 
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Fie. 1. A plant of the trispecific hybrid N. tabacum X 5 
(N. glutinosa x_N. trigonophylla) 
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Fi. 2. The reciprocal hybrids compared 


a,c (N. glutinosa X _N. trigonophylla) Xx 
N. tabacum 

b N. tabacum X (N. glutinosa X 
N. trigonophylla) Note leaf shape 
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Fi. 3. 
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Leaf shape inheritance in the hybrids. 

a N. tabacum 

b (N. glutinosa X _N. trigonophylla) 

e N. tabacum X (glutinosa-trigonophylla) 
d (glutinosa-trigonophylla) 

e N. tabacum 

f (glutinosa-trigonophylla) x N. tabacum 


Fig. 4. Inflorescence. 


Top left N. glutinosa 

Top right N. trigonophylla _ 

Middle (Glutinosa-trigonophylla) 

Bottom left _N. tabacum 

Bottom right N. tabacum (glutinosa-trigonophylla) 
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Fie. 5. Flowers 


Top left N. glutinosa 
Top right N. trigonophylla 
Middle (glutinosa-trigonophylla) 


Bottom left _N. fabacum 
Bottom right N. tabacum (glutinosa-trigonophylla) 
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Fic. 6. Somatic chromosomes of N. tabacum Xx (glutinosa-trigonophylla) — 48 (See drawing 
on p. 119) 


CYTOGENETICS OF TRISPECIFIC NICOTIANA HYBRID 


Fi. 7. Meiotic metaphase in N. tabacum X 
(glutinosa-trigonophylla) — 6n + 367 
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Fi. 9. Drawing of meiotic metaphase as 


in Fig. 7 


FiG. 8. Meiotic metaphase of (glutinosa- 


trigonophylla) x_N. tabacum — 12 
+ 24, 


Fi. 10. Drawing of meiotic metaphase as 


in Fig. 8. 
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ABSTRACT 


Linkage studies in rice up to 1959 have been briefly reviewed with a special reference 
to the work carried out at the Central Rice Research Institute, Cuttack, India. The 
crossover values for several genes have been furnished. Instances have been cited 
wherein two or more genes appear to be involved in determining the expression of 
anthocyanin pigmentation in different plant parts. 


INTRODUCTION 


The International Rice Commission in a meeting of its working party on rice 
breeding held during December 1955 at Penang (Malaya) reviewed the position of rice 
genetics, particularly regarding the nomenclature of genes and the linkage relation- 
ships amongst them. The working party felt the urgent necessity of standardizing the 
gene nomenclature and also urged the member countries to intensify studies on gene- 
tics of rice in their respective research institutions. 


Oryza sativa has twelve pairs of chromosomes and hence is expected to possess 
twelve linkage groups. The genetical studies conducted mostly in India, Japan and 
U.S.A. have resulted in the recognition of over 300 genes, affecting about fifty plant 
characters. But only a few of them have been assigned to different linkage groups. 


LINKAGE STUDIES IN RICE 


Jopon (5) tentatively established eight linkage groups. NAGAO (8) based on the Ja- 
panese work propounded four linkage groups viz., (i) gl linkage group (ú) P/ linkage 
group (üi) Ing linkage group and (iv) sp linkage group. RAMIAH (11) has fitted the 
genes governing the anthocyanin pigmentation in different plant parts along with a 
few other genes into three linkage groups viz., (i) Lsv, Ntp, Lax, Jp,, Aups, Lgp‚, 
Sp, Hp,, Ap, (ti) Lsp, Jp2, Aups, Lgps, and (iii) Aps, wx, Cl, Hb, H-ba or H-bb. JODON 
(6, 7) modified his earlier enunciation of 1948 and suggested seven linkage groups in 
the light of additional experimental findings (Table 1). 

It will thus be clear that while 49 genes have been assigned to seven different linkage 
groups, there is evidence of linkage among many more genes which have not yet been 
definitely located. 

By 1956, when JopoN suggested the seven linkage groups, 156 cases of linkage in- 
volving a number of genes had been established. Quite a number of these instances 
of linkage were repetitions being reported by various investigators. For example, 


1) Paper read in the meeting of the Working Party on Rice Production and Protection of the 
International Rice Commission, held in Ceylon during December, 1959. 
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TABLE Ì. LINKAGE GROUPS OF RICE, ACCORDING TO JODON 


Group 1 Combined 
(Chromogen group) Group II & UI Gr. IV Gr. V Gr. VI Gr. VII Gr. VIII 


C(Ap) Fl JN Lgp Pbr Jp Hb Lh Ce 
Lmp V Pr (red) Lmp g Prp Ntv An d 
d; CI(ScI) Sp Hp ds Lsp An 
Hf fm(sf) Np(Pn) Hw Ntp 0 d 
Anr Fl, Pa lg Fl 
WX Lp Lax Ph 
Lsp Lbp 
hg da 
Ntp sk 
Gp Hp 
12 20 5 4 4 2 249 


_20 cases of linkage between the Ap gene and the wx gene alone with crossover (C.O.) 
values ranging from 7.0% to 23.5 % have been reported. Likewise, six cases of linkage 
between Fl and wx with a C.O. value varying from 8.0 % to 25.0 % have been reported 
(Jopon, 5). NAGAO and TAKAHASHI (9) tentatively have reported twelve linkage groups, 
but some of their groups have been represented by only one gene so that further ge- 
netical studies are necessary to confirm some of their findings. 


The chief difficulties that stand in the way of intensive linkage studies are (i) there 
is no easy method of producing hybrid seeds on a large scale so that the backcross 
populations, which are eminently suited for such studies, could be grown. At present, 
mostly F, populations are grown for linkage studies; (ii) use of trisomics would have 
made the location of genes in different linkage groups easier; but this line of inves- 
tigation does not seem to have been attempted possibly because of the minuteness of 
the chromosome size and lack of specific marker genes denoting particular chromo- 
somes, (ti) the number of genes governing the inheritance of many characters is two 
or more. This results in different C.O. values for the same genes being obtained by 
different workers using different experimental material. The situation is further com- 
plicated by the existence of genes with pleiotropic effect in the production of pig- 
mentation in different plant parts. 


In India, at the Central Rice Research Institute, some progress has been made in 
the study of the inheritance of certain morphological characters like awning, beaked 
lemma, rudimentary auricle, absence of auricle, ligule and junctura, clustering of 
spikelets, multiple pistil, kernel shape, hairiness of lemma, glume size, anthocyanin 
pigmentation in various plant parts, etc., using a large number of intra-indica and 
indica x japonica crosses. Linkage has been inferred in certain instances. 


DISCUSSION OF EXPERIMENTAL RESULTS 

Sixty-three cases of linkage have been recorded in India as indicated in table 2. 
Seven of these, however, need verification. The following fifteen are instances in 
whichdifferent C.O. values have been obtained for the same characters: 
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LINKAGE STUDIES IN RICE 


Pigmentation in apiculus with: 
(1) Pigmentation in auricle 1.2, 7.6 


(ii) ze „ __junctura 15.9, 27.9 
(ii) 5 > __internode 16.8, complete 
(iv) " „ leaf axil 9.2, 34.2 
Pigmentation in glume with: 
(v) 5 „ _lemma-palea 9.1, 16.1 
(vi) Ee „… leaf axil 9.0, 27.1, complete 
(vii) 5 > stigma 9.0, complete _ 
(viii) A … internode 9.0, 16.4 
Pigmentation in apiculus spreading with: 
(ix) fn > Stigma 9.0, complete 
(x) 24 „leaf axil 9.0, complete 
(xi) E ‚septum 5.9, 9.7, 28.9, 33.9 
(xii) En pestiemars. ni lr2 
Pigmentation in leaf axil with: 
(xiii) ze, „ __lemma-palea 23.9, 34.2 
(xiv) on „ leaf tip & margin 19.0, 6.2, complete 


(xv) Kernel shape with colourless awn 24.1, 13.6 


The wide difference in C.O. values for the same gene relationships may be taken to 
indicate that two or more genes are involved in the manifestation of the characters 
concerned. 

On the basis of the information available for different linkage groups, the genes 
responsible for the pigmentation in leaf sheath, leaf axil, internode and apiculus have 
been assigned positions in the combined (II & III) linkage group of JOpoN (7) (fig. 1). 
Besides the pigmentation genes, the gene for liguleless condition was observed to be 
linked with the gene for apiculus colour; hence this has also been included in the 
above group. 


6.2 --- 9,2 —- 
Lsp Lxp Ntp Ap 
== [4,4 meenen 
mmenmeneenennen 17.7 
Esp. Exp Gp 
6.2 9.0 
6.2 O2 
Empe Exp Ap 
29.6 
Ap lg 


Fig. 1. TENTATIVE POSITION OF GENES IN COMBINED LINKAGE GROUP II & III 


The data also indicate that the genes for pigmentation in leaf sheath, auricle and 
ligule are different, but are closely linked. A further evidence in support of this con- 
tention is the difference in C.O.-values obtained between beaked lemma with each 
of the three genes mentioned above. 
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The gene for pigmentation in the internode is closely placed with the gene for pig- 
mentation in the apiculus. 

JopoN (6, 7) assigned the gene for pigmentation in Junctura to Group V while 
from the data of RAMIAH and Rao (11) it appears to be in the combined Group II 
& III. The present observations agree with those of RAMIAH and Rao. Thus it is pos- 
sible that there are at least two genes governing pigmentation in junctura, one located 
in the combined Group II & III and the other in Group V. Alternatively it may as 
well be explained in terms of segmental interchanges. 


SAMENVATTING 


Onderzoek over de koppeling van genen bij rijst 


Een overzicht wordt gegeven van de literatuur tot en met 1959 over de koppeling 
van genen bij rijst, in het bijzonder het koppelingsonderzoek uitgevoerd door het 
Central Rice Research Institute, Cuttack, India. 

De crossover-waarden voor vele genen worden vermeld. Enkele gevallen zijn ge- 
noemd waarbij 2 of meer genen een pleiotrope werking hebben bij de vorming van 
anthocyaan in verschillende delen van de plant. 
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ABSTRACT 


Among oil seed poppy varieties differences exist in colour and shade of the seed. 

The best insight into the nature of a variety with respect to the colour and shade of 
the seed is obtained by examining seed of individual plants. Some varieties (Emma- 
bloem, Nobel) produce seed of one colour; others (Noordster, Eckendorf selections) 
are composed of plants which differ in seed colour. 

In a plant by plant analysis, each colour always appears in a series of shades. Im- 
portant differences exist in the shade-variation curve of the different varieties. The 
development of the shades is influenced by environmental conditions. 

In some varieties (Emmabloem, Nobel) selection for shade did not result in a shift 
of the range of shades in the offspring. In other varieties (Noordster, Eckendorf 
selections) a shift did occur. 

Selection for colour always had a clear positive effect. 

The shade of poppy seed shows a high correlation with the calcium oxalate content 
of the outer layer of the seed coat. 

The height of the ridges on the seedcoat affects the quality of the outward ap- 
pearance of the seed. High ridges make the seed rough to the touch and create the 
impression of bulky kernels. Within varieties, however, the height of the ridges is 
negetatively correlated with kernel weight. In the varieties Emmabloem and Nobel 
only high ridges are found on the seedcoat. Other varieties (Noordster and Eckendorf 
selections) are variable with respect to this character. In these varieties nearly smooth 
seeds occur. 


INTRODUCTION 


In the evalutation of the seed of oil seed poppy for the market, a high value is placed 
on the outward appearance. It is desired that the seed be large grained and rough to 
the touch, but above all, that it should have an even blue colour. Fine grained, faded 
blue or multicoloured seed is not desirable, and even less desirable is a blackish-blue, 
a grey or a rosy hue. 

The great importance attached to the outward appearance of poppy seed is due to 
the fact that high quality seed lots are not destined for the oil factories, but for the 
baking industry where they are used in making poppy seed bread and pastries. In 
addition to a good flavour and fragance, a pleasing appearance is then a prerequisite. 


THE VARIABILITY OF THE COLOUR AND SHADE OF THE SEED 
The colour and shade of poppy seed vary from one variety to another. Varieties 


127 


L. SCHIJFSMA, M. HOESBERGEN AND F.E. NIJDAM 


like Nobel and Emmabloem are known for their good blue colour. Others, such as 
Noordster and Peragis, produce faded seed, or, as in the case of some Eckendorf 
selections, greyish seed. 

If one wishes to become more familiar with differences in the colour and shade of 
the seeds of oil seed poppy varieties, it is more satisfactory to examine a number of 
plants of each variety individually, rather than to compare seed samples representative 
of the varieties as a whole. If only one seed capsule per plant is to be threshed, it is 
desirable to consider the position of the selected capsule on the plant. The most ob- 
vious procedure is to consistently take the capsule from the main axis, since some of 
the plants may not produce branches, and hence have no other capsules. 

Proceeding in this manner, one finds that the seed of individual plants mostly ap- 
pears of one shade at first glance. Equality of the shade of the seeds of a single capsule 
however never is a complete one. A certain diversity in shade always exists. In some 
capsules differences are even so important that their seeds look speckled. From one 
plant to another there exist great differences in shade. In some varieties also differen- 
ces in colour can be observed. 

Differences in colour are of a different character than differences in shade. In the 
material analysed here, the colours blue, pinkish-blue and grey were distinguished. 
Within each colour there is variation in shade. These shades can be arranged in a 
series ranging from light to dark. A shade of pinkish-blue or grey cannot be har- 
moniously inserted into a series of shades of blue. 

All seed of the varieties Nobel and Emmabloem is blue in colour. In the cases of 
Noordster and the Eckendorf selections two colours occur: blue and pinkish-blue in 
Noordster, and blue and grey in the selections of Eckendorf. The blue occurring in 
these varieties with two seed colours corresponds to the blue of Nobel and Emma- 
bloem. In the multicoloured varieties seed colour can be sharply defined for only a 
portion of the plants. There where for example, the colours blue and grey are distin- 
guishable, one always finds that a number of plants produce seeds of a colour lying 
between blue and grey. 

Whatever the colour may be, there always occur variegations from light to dark, 
and if the number of plants available for observation is sufficiently large these varie- 
gations can be arranged within a specified colour in nearly continuous series. 

In order to express quantitatively the description of the series of shades, a grouping 
into classes is necessary. The boundaries, which are thereby determined, can only 
be arbitrarily chosen, but a standard series can be devised to be used in testing classi- 
fications. It has proven useful to work with a scale of eight shades, where the lightest 
shade, an extremely pale light tint, is designated shade 1, and the darkest, which ap- 
proaches black, is designated shade 8. 

The frequencies of the shades for the varieties Nobel and Noordster are presented 
in figure 1, as observed in material from a field trial at Wageningen in 1955. 


In the years 1952 through 1956 seed analyses were made for the varieties Nobel, 
Emmabloem, Noordster and for some Eckendorf selections. In each of these years 
the harvests from different fields were available. The data collected were analysed 
mathematically, and an average shade and an average variability were calculated for 
each variety. It can be observed, from the results given in table 1, that Noordster 
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appears to be the lightest, and Emmabloem the darkest variety. The variability in 
_seed colour is clearly greatest in the Eckendorf selections. 


Nobel Noordster 
% %o 
ro 7o 
60 : 60 
50 50 
40 40 
30 30 
20 20 
Jo jo 
\ & 3 4 5 6 7 8 j 2 3 al 5 6 7 8 


Shade Shade 


FIG. 1. FREQUENCIES OF SHADES FOR THE VARIETIES NOBEL AND NOORDSTER IN TERMS OF THE PER- 
CENTAGE OF THE PLANTS PRODUCING SEED OF DIFFERENT SHADES 


TABLE Î. THE AVERAGE SHADE AND ITS VARIABILITY OF THE SEED OF SOME VARIETIES OF OIL SEED POPPY 
IN THE YEARS 1952 THROUGH 1956 IN FIELD TRIALS AT BENNEKOM, WAGENINGEN AND WILHEL- 
MINADORP (PROV. OF ZEELAND) 


5 Average shade Average 

bg Ed (100 — shade 4) variability 
Dele ennen ze ectel e oe tal blue 110 89 
Brarmabloen” ir sin, blue 112 78 
BNOOEESLEN ied IR oled ar, OH, pinkish-blue 78 89 
Mekendorter:. 5 tb . „ots grey 98 122 
Bckendorfer 64/54 …. .... grey 108 111 
Bekendorfer 63/54 ……. .….. grey 105 122 
Eckendorfer 59/94 .. .... grey 105 122 
Eckendorfer 58/54 ...... grey 92 133 
Bekendorfer: 55/51. .……... grey 92 112 


The greater part of the material analysed came from three experiment fields. Two 
of these were situated nearby each other; one at Wageningen on clay soil, and one at 
Bennekom on sandy soil. The third was some distance away in Zeeland, near Goes. 
Table 2 shows that Zeeland produced the darkest seed in all cases. Of the other two 
fields, situated near one another, the one on clay soil produced darker seed than the 
one on sandy soil. 

By calculating for each year the average shade of all the seed of all varieties, and 
from all locations, an impression could be obtained of the influence which may be 
designated as climate effect. 

This is expressed in table 3. 
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TABLE 2. THE AVERAGE SHADE OF THE SEED OF SOME OIL SEED POPPY VARIETIES ON THREE EXPERIMENT 


FIELDS IN A NUMBER OF YEARS 
A En dd ee ee 


Year in Arn Ne 1952-1956 1952, 1954-1956 | 1955 and 1956 
Löcation: Bes SM TE Bennekom Wageningen ‚ Wilhelminadorp (Z) 
Soiltypen ot senen ene. | sandy soil | river clay | sea clay 
Variety | 

INGbelmn dee meier Jit cre | 4.0 4.6 54 
Bommabloetnk.n en sdaetke 4.1 4.8 si: 
INOOLTSLER Ere er tn Jatten Da 5e) 4.5 
BCkendorlen mm 3.4 4.1 33 
Eckendorfer 64/54 ...... 4.0 4.5 3 
Eckendorfer 63/54 ...... 3.9 4.3 — 
Eckendorfer 59/54 . . ..-- 3.9 4.3 — 
Eckendorfersos Sd ngen ke | 3.6 3.6 — 
Bekendorter 59/51 en ee | 3.2 4.2 — 


TABLE 3. THE INFLUENCE OF YEAR ON THE SHADE OF SEED. THE AVERAGE SHADE OF THE SEED OF ALL 
VARIETIES ON ALL THE EXPERIMENT FIELDS IN EACH YEAR 


Year | Average shade 
1952 32 
1953 3.9 
1954 | 3.9 
1955 4.2 
1956 4.2 


The preceding is based exclusively on seed from the capsule taken from the main 
axis. Some idea of the influence of the position of the capsule on the shade of the seed 
is obtained by separately harvesting the capsules from the main axis and from the 
successive branches of a number of branched plants and determining the frequency 
curve of the shades for each group. The results of such an analysis for the varieties 
Emmabloem and Noordster are given in figure 2. 


In the given case of the variety Noordster, it is apparent that the lower the branch 
bearing the capsule, the lighter the seed. This relationship could not be established for 
Emmabloem. 


THE INHERITANCE OF THE COLOUR AND SHADE OF THE SEED 


Now that it has been established that within each variety the colour and shade of 
the seed as a whole is the combined effect of the colours and shades found for the 
individual plants, that differences between varieties exist, and finally that environ- 
mental conditions exert a profound influence on the variation of the shades, the ques- 
tion arises whether selection for colour and shade within a variety will be effective. 

Seed harvested from capsules containing seeds of the same colour but differing in 
shade was sown, keeping separate the different shades. The main capsules of the 
resulting plants were collected and the seed was judged for shade. In this manner, the 
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THE INFLUENCE OF THE POSITION OF THE CAPSULE ON THE SHADE OF SEED AS OBSERVED IN THE 
VARIETIES NOORDSTER AND EMMABLOEM. 

The rank of the capsule is designated as follows: O — capsule of the main stem; 1,2,3,4 — 
capsules of the side branches of first order from the top downwards 
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relationship between seed shade in parent plant and progeny was examined. The 
correlations found have been expressed in the form of regression lines. If there were 
no relationship, then the slope of the regression line should be zero. 

From table 4 it can be seen that for the varieties Nobel, Eckendorf 64/54 and 
Noordster the effect of selection is unmistakable. In the case of Emmabloem the re- 
action of the progeny was extremely weak. 


TABLE 4. THE CORRELATION BETWEEN THE SEED SHADE OF THE PARENT PLANT AND THE SHADES IN THE 


PROGENY 
Variety Slope of the regression line 
Emmabloem ans 0.018 
Nobel sent At sen Ee: 0.094 
Noordster sr MR 0.328 
Eckendorfer 64/54. . . . 0.175 


An illustration of the results for the varieties Emmabloem and Noordster is given 
in figures 3 and 4. 


FIG. 3. THE RELATION BETWEEN THE SHADE OF SEED 
OF PARENT PLANT AND PROGENY FOR THE VARIETY 
EMMABLOEM. THE SHADE OF SEED OF THE MOTHER- 
PLANT IS DESIGNATED BY O 
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FIG. 4. THE RELATION BETWEEN THE SHADE OF SEED OF PARENT PLANT AND PROGENY FOR THE VARIETY 
NOORDSTER. THE SHADE OF SEED OF THE MOTHERPLANT IS DESIGNATED BY O 


It can be seen from the bar graph for Emmabloem that the distribution of shades in 
the progeny is not influenced by the shade of the parent plant. The effect here is like 
that of selection for a quantitative character within a variety of a purified self-fertilizer. 

It can be regarded as possible for a variety of oil seed poppy to be a pure line, since, 
although the open flower is busily frequented by insects, perhaps the foreign pollen 
has no chance of causing fertilization because the flower’s own pollen has been re- 
leased from the anthers long before the bud opens (PIEPER, 2; PROCHASKA, 3; V. 
PRZYBOROWSKI, 5). The variation in shade which can be observed among plants within 
a variety must then be considered an effect of modifying influences. 

Where the effect of selection for shade could be mathematically determined with 
certainty, as in the case of Noordster, the shift of the variation curve is, nevertheless, 
relatively slight. If one maintains the assumption that only selfpollination needs to be 
considered, then one might think that in a variety such as Noordster lines exist which 
differ in their ability to respond to their environment with respect to change in shade. 

A much clearer effect of selection could be observed when selection was directed 
toward influencing colour rather than shade; that is to say, when the purpose was not 


133 


L. SCHIJFSMA, M. HOESBERGEN AND F.E. NIJDAM 


to investigate to what extent lighter or darker seed would shift toward light or dark 
in the progeny, but when, for example, capsules with blue seed or capsules with pin- 
kish-blue or grey seed were taken from Eckendorf 64/54 or Noordster in order to 
investigate the seed colour in the progeny. 

Beginning with blue seed from the Eckendorf 64/54 line, a percentage of grey- 
seeded plants was obtained in different offspring families which varied from 14 to 
37%. Starting with grey seed, the percentage blue-seeded plants in the offspring varied 
from O to 6% (fig. 5). 


Fig. 5. UPPER ROW: FREQUENCY OF THE COLOURS BLUE, INTERMEDIATE AND GREY IN THE PROGENIES 
OF FIVE BLUE-SEEDED PLANTS OF THE VARIETY ECKENDORF 64/54. LOWER ROW: AS STATED 
ABOVE, BUT NOW OF FIVE GREY-SEEDED PLANTS 


In Noordster, initial blue seed yielded 2% plants with distinctly off-coloured, 
pinkish seed in the most favourable case, and 39 % in the most unfavourable case. 

Beginning with off-coloured seed, from 3 to 12% blue-seeded plants were harvested 
in the offspring (see fig. 6). 

The blue-seeded varieties Nobel and Emmabloem are true breeding for seedcolour. 


Selection for colour clearly has an effect, but the investigation carried out has not 
yet yielded a key to the design of the genetic structure on which the formation of the 
various colours is based. When blue seed of a variety comprising more than one 
colour in its seeds is sown, there are, in addition to the blue-seeded offspring, plants 
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FIG. 6. UPPER ROW: FREQUENCY OF THE COLOURS BLUE, INTERMEDIATE AND PINKISH IN THE PROGENIES 
OF FIVE BLUE-SEEDED PLANTS OF THE VARIETY NOORDSTER. LOWER ROW: AS STATED ABOVE, 
BUT NOW OF FIVE PINKISH-SEEDED PLANTS 


with grey or pinkish-blue seed, and conversely one also finds, in the offspring from 
grey or pinkish-blue seed, blue-seeded plants. Invariably the colour of the seed of a 
part of the offspring has to be evaluated as a transition colour. 

The feeling might be expressed that it may be easier to create an entirely grey-seeded 
variety than to obtain a blue-seeded variety by selecting for colour. 


THE NATURE OF THE SEED COLOUR 


An answer to the question as to how seed colour and the shade of poppy seed arise 
is to be found in the literature (GASSNER, 1 ; SCHWEIZER, 6). The seedcoat consists of 
five layers (fig. 7 and 8). 

The outermost layer, the epidermis, consists of large cells which are, at the outset, 
convex lens-shaped and filled with extremely fine calciumoxalate crystals. At maturity 
this oxalate is transferred to the so-called crystal cells which constitute the layer im- 
mediately beneath. The epidermis then dries up and, in a cross section of the seed, 
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can only be recognized with difficulty. Where the radial walls of the epidermal cells 
are located, there are visible, on the mature seed, ridges, which are formed by the 
whole of the underlying part of the seedcoat. The three layers of thickwalled cells 
situated under the layer of crystal cells have a red-brown colour in poppy seed. The 
blue colour of the mature seed is caused by the light falling on the crystal dust against 
the dark background of the pigmented cells. 


Fig. 7 Fig. 8 
FIG. 7. CROSS SECTION THROUGH THE SEEDCOAT OF UNRIPE POPPY SEED. THE EPIDERMIS IS FORMED BY 
LARGE CONVEX CELLS (AFTER SCHWEIZER) 
FIG. 8. CROSS SECTION THROUGH THE SEEDCOAT OF RIPE POPPY SEED. THE EPIDERMIS HAS COLLAPSED. 
THE SUBEPIDERMAL LAYER FILLED WITH CRYSTAL DUST (AFTER SCHWEIZER) 


How can the variety in colour and shade be better understood as an effect of light 
reflected and refracted in a seed coat of the described structure? When sections of 
light and dark shaded seed are examined under a polarization microscope, it can be 
observed that the number of crystals in the layer of crystal cells is greater in the lighter 
than in the darker coloured seeds. 

In order to become more familar with the significance of the amount of calcium- 
oxalate, equal amounts of seed of different shades and colours, of different varieties 
and from various environments were extracted with HSO. The extracts containing 
oxalic acid were then titrated with KMnO, and the amount of liquid used in titration 
taken as a measure of the oxalate content of the seed. The results of these analyses 
which are summarized in table 5, allow the following conclusions: 


Ll. The amount of oxalate in the seedcoat decreases as the seed shade becomes darker. 

2. With the same shade, the amount of oxalate in the seedcoat is greater in the varie- 
ties Emmabloem and Nobel than in Noordster and the Eckendorf lines 59/54 and 
sal5tk 
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TABLE 5. THE RELATIONSHIP BETWEEN THE AMOUNT OF CALCIUM OXALATE IN THE SEED COAT AND THE 
COLOUR AND SHADE OF THE SEED 


Variety rn Vezel Shade ce liquid used in titration 

Colour l 2 3 4 5 6 7 8 
a eN LL 
Emmabloem Bennekom 1956 | blue — 10:56 9470 ES OONIP7-32 — — 
Nobel Bennekom 1955 | blue — — [10.44 | 9.58 | 8.84 | 7.48 — — 
Nobel Wilhelmina- | 1955 | blue en — |10,56 | 9.79 | 8.24 | 6.86 | 5.05 | 4.75 
Noordster ee 1956 | pinkish- — |10.48 | 8.66 | 7.67 | 6.57 | 5.32 — — 
Eckendorfer 59/54 Bennekom 1956 An — — 7.44 | 6.74 | 5.91 | 4.91 — — 
Eckendorfer 59/54 Bennekom 1956 | grey — — 1 8:08 [76.95 | 5.705,19 — — 
Eckendorfer 55/51 “Wageningen | 1955 | blue 8.32 | 7.88 | 7.16 | 6.82 | 6.54 | 5.80 | 5.98 | 4.70 


Using seed samples from which the oxalate had been removed, the basic colour 
was studied. In Emmabloem and Nobel, the colour of the seed from capsules from 
one location showed little variation. Also, differences among seed samples from dif- 
ferent locations were insignificant. In all cases the basic colour of these varieties could 
be described as warm red-brown. It may be assumed that in Emmabloem and Nobel 
all variation in shade can be ascribed to differences in calciumoxalate content of the 
seedcoat. 

In Noordster and in the Eckendorf lines the basic colour was, on the whole, much 
more faded and more variable than in the varieties Nobel and Emmabloem. In most 
cases a dull brown colour appeared in various intensities. In some cases a red-brown 
or tobacco brown colour was found. No clear relationship could be established 
between the basic colour and the colour or shade of the seed. Some relationship was 
noticed in the Eckendorf lines, however, where the samples with the most beautiful 
blue colour had the warm red-brown basic colour, while in the greyest samples this 
was always dull brown. However, the intermediate colours, lying between the pure 
blue and the extreme grey, sometimes yielded a warm brown basic colour, just as 
beautiful as that found in the blue samples. 

Hence, one must assume that the great diversity in colours and shades found in 
Noordster and in the Eckendorf selections is caused by an interaction of basic colours 
and oxalate contents which is not yet fully understood. 

The fact that the oxalate contents in the varieties Nobel and Emmabloem are always 
found to be higher than in Noordster and in the Eckendorf selections with similar 
shades might be caused by the more intensely coloured background which the light 
encounters in the former varieties after passing through the crystal layer. 


THE STRUCTURE OF THE SEED SURFACE 

The value of the seed is determined not only by its colour and shade. Kernel size 
is also important, as well as the roughness of the seed when rubbed between the fingers. 
Good seed will produce a faint crunching sound. The roughness is closely connected 
with the nature of the ridges which are found on the seedcoat. In Nobel and Emma- 
bloem nearly all seed shows a network of high ridges. In Noordster and in the Ecken- 
dorf selections one finds many more seeds with low ridges, which show hardly any 
elevation above the seed surface; one can even find kernels which are almost smooth 
(fig. 9 and 10). 
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Fia. 9. SEEDS OF THE VARIETY NOBEL WITH HIGH RIDGES ON THE SEEDCOAT 


Fra. 10. SEEDS OCURRING IN THE VARIETY ECKENDORF WITH A NETWORK OF LOW RIDGES ON THE SEED- 
COAT 
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A high network causes a shadow effect on the seed, which makes the kernels ap- 
pear bulky. On weighing the seed, however, one finds indications that seed with a 
deep relief is lighter than seed with low ridges. Seed of a number of samples of the 
variety Noordster and some Eckendorf selections was separated according to the 
height of the ridges. In only 4 out of 46 cases the seed with the deepest relief was 
found to be the heaviest. 

In addition to the relationship between weight and the height of the relief of the 
seedcoat, the correlation between weight and colour was examined. From capsules 
with grains which were clearly different in shade, so that these could be seperated into 
dark and light shaded ones, it was always found that the lightest seed was the heaviest. 
Also where different capsules of the same plant contained differently shaded seed, the 
seed of the lightest shade tended to be the heaviest. 


SAMENVATTING 


Een onderzoek naar de kleur en andere eigenschappen van het zaad van enige blauw- 
maanzaadrassen 


Tussen de onderzochte rassen van blauwmaanzaad bestaan verschillen in kleur en 
tint van het zaad. 

Het beste inzicht aangaande de aard van een ras met betrekking tot de kleur en de 
tint van het zaad wordt verkregen door het zaad van afzonderlijke planten te beoor- 
delen. Sommige rassen (Emmabloem , Nobel) leveren éénkleurig zaad ; andere (Noord- 
ster, selekties van Eckendorf) zijn samengesteld uit planten, die in zaadkleur verschil- 
len. Bij een analyse plant voor plant blijkt iedere kleur steeds op te treden in een reeks 
van tinten. Er bestaan belangrijke verschillen in de tint-variatiekromme van de onder- 
scheidene rassen. De ontwikkeling van de tinten wordt beïnvloed door milieuom- 
standigheden. 

Selektie naar tint resulteerde bij sommige rassen (Emmabloem, Nobel) niet in een 
verschuiving van het variatietrajekt van de tinten in de nakomelingschap; bij andere 
rassen (Noordster, selekties van Eckendorf) was dat wel het geval. 

Selektie op kleur gaf steeds een duidelijk positief effekt. 

De tint van het zaad van blauwmaanzaad vertoont een grote correlatie met het ge- 
halte aan calciumoxalaat in de buitenste laag van de zaadhuid. 

De hoogte van de richels op de zaadhuid is van invloed op de uiterlijke kwaliteit 
van het zaad. Hoge richels maken dat het zaad wreed aanvoelt en wekken het effekt 
van grofzadigheid. Tussen de hoogte van de richels en het korrelgewicht bestaat echter 
binnen het ras een negatieve relatie. Bij de rassen Emmabloem en Nobel treft men uit- 
sluitend hoge richels op de zaadhuid aan. Andere rassen (Noordster en de selekties 
van Eckendorf) zijn in dit opzicht variabel. Er komen nagenoeg gladde zaden in voor. 
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ABSTRACT 


In this article the results are presented of quantitative investigations on progressive 
necrosis. Three to four generations of several wheat crosses were investigated. 

Progressive necrosis is brought about by the interaction of 2 (or 3) complementary 
factors which are indicated as A and B (and C). 

The necrotic F‚’s studied varied from lethal to fairly normal dependent on which 
parent varieties were used. This wide variation appeared to be discontinuous which 
allowed both the AAbb- and the aaBB-varieties to be divided into 3 distinct groups 
on the basis of the degree of necrosis they exhibit in the F‚’s with given complementary 
verieties. Within each group smaller but heritable differences occurred. 

The major (inter-group) differences are attributed to triplicate genes (A,, As, A3 
and B,, Bs, B3) which might be localized on homoeologous chromosomes. It is also 
possible to explain the major differences with the aid of multiple allelism of the ne- 
crosis genes. The minor (intra-group) differences may be due to different genetic 
backgrounds and (or) to multiple allelism of the necrosis genes. 

The following observations demonstrated the effect of gene dosage on the degree of 
necrosis: 

1. The mean degree of necrosis of the F’s was always significantly stronger than 
that of the F‚’s, possibly in consequence of the concentration of dominant necrosis 
alleles in the necrotic F,-plants. Furthermore it became apparent that the F‚-plants, 
both phenotypically and genotypically, agreed with those necrotic F-plants that 
showed the slightest necrosis symptoms. 

2. All the Fs’s produced were segregating populations. Therefore the necrotic 
F‚-plants which were homozygous dominant for all necrosis genes and therefore 
possessed the maximum dose, did not produce seed and consequently were lethal. 

3. In many F-, F3- and F‚-populations classes could be distinguished for stem- 
and ear-length, each class containing the individuals with a definite necrosis genotype. 

The existence of modifying genes is suggested because heritable differences in the 
degree of necrosis occurred in the F, of Minister x x Riebesel and because in some 
segregating populations a phenotypic classification was not or was hardly noticeable 
(fading away of class limits through minor genes), while in every following generation 
the percentage of classifiable populations appeared to increase (minor genes becoming 
increasingly homozygous). 

The influence of the environment is demonstrated with some artificially raised F‚’s. 
Seed was obtained from some F‚’s which under normal conditions were lethal. 

At the end of the discussion a summarizing theory is given about the genetic basis 
of progressive necrosis. 
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1. INTRODUCTION 


In a previous publication (HERMSEN, 4) the problem of necrosis symptoms in wheat 
hybrids was approached qualitatively and it was suggested that necrosis will occur in 
any individual possessing three dominant complementary necrosis genes. The degree 
of the necrosis was discussed only incidentally. 

In this article the results are presented of quantitative investigations on 3-4 gener- 
ations of several wheat crosses eXhibiting progressive necrosis. 


2. ESTABLISHING THE DEGREE OF NECROSIS 


As in this article necrosis is treated quantitatively it is necessary to find first a 
measure for the degree of necrosis. The most correct and direct method to determine 
the degree of necrosis would be studying necrosis itself. The following points then are 
to be considered: 


1. What changes occur in the plastids before necrosis becomes visible in the leaves? 
2. In what growing stage are the symptoms of necrosis visible for the first time? 
3. What percentage of the total leaf area is necrotic in the various stages of growth? 


However, this procedure is too laborious for use in the examination of many 
populations. 

As the loss of assimilation-surface influences the quantitative characters of the 
plants immediately, there is a close correlation between the degree of necrosis and all 
sorts of quantitative characters. The degree of reduction of these characters in conse- 
quence of necrosis is therefore an adequate measure for the degree of necrosis. This 
reduction is of the same order for stem length and ear length. The number of kernels 
per ear and particularly the thousand-kernel-weight are much more reduced. 


In the following the stem length is generally chosen as a measure for the degree of 
necrosis in the Koga-crosses, firstly because the height is a character which can be 
easily determined; secondly because of the ear-less plants in the segregating pop- 
ulations: reasonable estimation figures for height could be obtained by comparing 
them with ear-bearing sister plants which is impossible with ear-length, number of 
kernels per ear and thousand-kernel-weight. Thirdly, in the group of Koga-crosses 
the height was indeed an adequate measure for the degree of necrosis: definite height- 
classes appeared to contain definite necrosis-genotypes (fig. 6). The ear-length is also 
a good measure but this character cannot be measured nor estimated in ear-less plants. 

In other crosses, especially those with a slight degree of necrosis (e.g. crosses with 
Minister, Panter, Alter), the stem-length cannot be used because it varies too little 
in the segregating generations. Here the thousand-kernel-weight seems to be correlated 
with the degree of necrosis and in addition can be determined for almost all plants, 
since in the segregating generations of these crosses almost all plants produce kernels. 

In consequence of the necrosis the thousand-kernel-weight is subject to a far greater 
reduction than the height (fig. 1). This could be expected as the necrosis is progressive, 
Le. it increases with the age of the plant. Now the kernel formation takes place in a 
later stage than the stem formation, so that during the kernel formation there is a 
smaller leaf area available for assimilation. 
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The thousand-kernel-weight as a measure of necrosis is only used in section 6 of 
‚ this paper to compare the degree of necrosis of different F‚’s. 
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3. HETEROSIS AND NECROSIS 


An important question in connection with quantitative investigations of pro- 
gressive necrosis is the interaction of heterosis-effect and necrosis-effect, especially 
in the F‚’s of Eskisehir- and Mus-crosses. 

The normal F‚’s of crosses with Mus and Eskisehir often show a conspicuous heter- 
osis-effect. For instance the average height of the F, of 27 Mus- and Eskisehir-crosses 
in 1959 lay 1.5 to 25.3 cm (on average 12.3 cm) above the midparent value, and —13.5 
em to +22.8 em (on average +5.7 cm) above the height of the longest parents. All 
27 F‚’s were longer than the midparent value, while 20 also were longer than the longest 
parent. 
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The heterosis-effect of Koga-crosses in general is much less conspicuous and also 
much less variable than that of Mus- and Eskisehir-crosses: the mean stem-length of 
8 Koga-crosses in 1958 lay on average 3.2 cm above the midparent value and 1.9 cm 
below the longest parents. 

When we choose quantitative characters as a measure of the necrosis of the F‚’s 
it is clear that a comparison of F‚’s in regard to the degree of necrosis can be hampered 
by differences in heterotic effect. 

In fig. 1 the necrotic F‚’s of the crosses of Heines 476, Heines VII, Riebesel, H 11 
and Spelt line 10 with Koga are compared on the basis of height and thousand- 
kernel-weight with crosses of the same five varieties with Eskisehir 220-39. The five 
varieties are arranged in order of the height and thousand-kernel-weight of the F‚'s 
with Koga. The characters are expressed as a percentage of the midparent value. 

The following remarks can be made: 


1. As was already stated above the thousand-kernel-weight is much more reduced 
by the necrosis than the height. 

2. The thousand-kernel-weight and the height of the F‚’s are significantly correlated 
(r — 0.98) and therefore can both be considered as a measure of the degree of ne- 
crosis. 

3. As concerns height the five Eskisehir-F‚’s all show a smaller reduction than the 
Koga F‚’s (with regard to the thousand-kernel-weight, all but one). If a difference 
between necrosis genes of Koga and Eskisehir were the only cause of this phenomenon 
we might expect the Koga- and Eskisehir-curves to run parallel. However it is clear 
that despite the decreasing tendency from left to right in all curves there is no parallel 
course. In particular the crosses Eskisehir X Heine’s VII and Eskisehir x Riebesel 
deviate clearly. This may be ascribed to a heterosis-effect which, in these F‚’s, appears 
to be stronger than in the F‚’s of the corresponding Koga-crosses. 

4. The decreasing course of all lines shows that the five varieties mentioned on the 
ordinate show genetic differences in regard to their contribution to the necrosis pheno- 
type. Since the F‚’s derived from crosses of these five varieties with other varieties of 
the Koga- and Eskisehir-genotype class exhibit a similar decreasing tendency we 
may assume that the greater differences in the degree of necrosis of the F‚’s are not 
eliminated by differences in heterosis-effect (genetic backgrounds). 


For the study of necrosis as such the crosses derived from the variety Koga are 
most suitable because the F‚’s of Koga with the varieties Heine’s 476, Heine’s VII, 
Mendel, Spelt, H 11, show clear differences in degree of necrosis and because the 
heterosis-effect in the F‚’s of Koga with Heine’s 476, Heine’s VI, Mendel, Riebesel 
and H 11 is not great and in addition not very different. This was investigated in 1958 
with the aid of a line from the variety Koga which lacked the necrosis gene A and 
therefore produced normal F‚’s when crossed with the varieties mentioned. The 
height of these F‚’s appeared to lie 4.1, 6.3, 4.1, 0.7 and 2.7 cm resp. above the mid- 
parent values. 

Therefore quantitative investigations have been mainly made on the Koga-crosses 
and of these the crosses Koga Xx Xx Heine’s 476 and Koga x x H 11 have been studied 
most, because they show significant differences for degree of necrosis, stem- and ear- 
length, number of kernels per ear, number of culms, and thousand-kernel-weight. 
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4. MATERIAL AND METHODS 


The crosses and the generations that have been studied are presented in table 1. 


TABLE |. SURVEY OF THE CROSSES AND GENERATIONS MEASURED (MAINLY THE STEM LENGTH) AND 
COUNTED (RATIO NECROTIC: GREEN). All crosses were made reciprocally (x X) 


Generations 
Crosses 
measured counted 
GOE DEDEN CU TO FEE F4 F, FE, Fs F4 
BOE AEL NU ee ded AR Che ed PF, F‚ Es FP, FE, Es 
OSE ECUNCIS. VUL nen eneen FE, EF, Fi Es Es 
ioean ee iMendelen te Tien el 50 BES EF, Es Fs 
Bskasehira an Eleimneis VIRA Menen BE: EF, FE; Bs 
Eskischireexespelt line lOs tete ze. | BES FE, FE, Fs 


Moreover the necrotic F‚’s of a large number of other crosses have been assessed 
and measured. 

In the examination of Eskisehir- (and Mus-) crosses in which necrosis goes together 
with a high degree of heterosis, segregating generations can perhaps be studied by 
expressing the figures of the necrotic plants in relation to the average of the normal 
sister plants because it may be expected that the normal and the necrotic part of the 
population on average possess the same potential heterosis. 

The F‚’s together with the two parents were sown in small pots and later trans- 
planted in the field, so that every set of reciprocal F‚’s was flanked by the two parents. 

The F‚-kernels together with the parents were sown in flats (48 kernels per flat) 
and later transplanted in the field. The emergence was excellent while no blanks 
occurred in the field. The plant distance was 10 cm, the distance between the rows 
25 cm, the length of the rows 1.60 m. 

The F‚’s were obtained by adding the seed of various F‚-plants (mostly three) to- 
gether. Of each of the reciprocal crosses 144 kernels were sown, of each of the parents 
48. Plantings were arranged in such a way that every plot consisted of 1 row of parent 
A, 3 rows of the cross A x B, 3 rows of the cross B x A and 1 row of parent B, and 
that every plot occurred in 3 replications. 

In the F;’s the parents were left out, while the offspring of every necrotic F-plant 
was raised and assessed separately. The F3’s also were mostly sown in flats and later 
transplanted in the field. A high percentage of emergence and a regular plant distance 
of 10 cm are indispensable for the countings and the quantitative observations, par- 
ticularly in connection with the occurrence of lethal plants in the segregating gene- 
rations. 

Of the crosses Koga Xx x Heine’s 476 F4’s were sown in the same way as the F3's 
and these were also counted and measured. 

In the F»’s of the crosses with Heine’s 476 and also in some F3’s a percentage of 
plants occurred which were erroneously assessed or were called ambiguous, so that 
the establishment of the final segregation ratios and the computation of the reductions 
could only be carried out after raising and assessing the following generation. 
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The graphical representation of the segregating populations was done as follows: 


a. The F‚’s (three replications). 

The heights of all F,-plants were expressed in the mean of the parents which had 
been sown beside them. In this way differences in soil fertility could be eliminated as 
much as possible. Subsequently all normal F,-plants and also all necrotic F,-plants 
were arranged in order of height and the heights noted at regular distances e.g. 2 mm, 
by putting a circlet, point or cross on graphic paper. 

The sequence of circlets (points, crosses) then gives a good picture of the com- 
position of the populations as concerns stem length. This graphical representation 
is more concrete and more accurate than a frequency curve while the segregation 
ratios necrotic: green, the variability of the stem length, the possible occurrence of 
height classes and in the latter case the number of individuals per class can be deter- 
mined directly from the graph (see fig. 6). 


b. The F3-populations. 

The Fz-populations have been presented in the same way as the F,, but here the 
absolute figures for the heights are given, because every population was sown only 
on one place and without parents. See figs. 7, 8, 9, 10, 13 and 14. 

The x? of heterogeneity which are given for the F3- and F4-series, were computed 
according to MATHER (9) since the populations in general were fairly large. 


5. GENOTYPES OF NECROSIS 


The varieties mentioned in this publication can be classified in the following geno- 
type classes (2) on the basis of their genotype of necrosis (2 necrosis genes). 


AAbb aaBB 
Panter a. Sel. 4 from Rimp. früh. Bastard 5. Heine 476 
Alter b. Rimpaus früher Bastard 6. Heine VII 
Minister c. Hadmerslebener IV 7. Merlin 

d. Mutant S,‚a from Hadm. IV 8. Atlas 66 
Koga 1 e. Mutant S,b from Hadm. IV 9. Riebesel 47/51 
Mus X11/80/222 10. Mendel 
Eskisehir 220-39 f. Salzmünder Standard 11. Trifolium 
Garnet 2. Strubes roter Schlanstedter 12. Prima 
12272 h. Svalöf 0987 13. Joncquois 
Sel. 3 from Criewener 104 14. Bormans 339 
Hohenthurm St. 16010/52 j. Koga II 

k. Saumur 15. Nord Desprez 
Marquillo 16. Cappelle 
Big Club 17E 
Felix 1. Heine UI 18. Spelt line 10 
Quanah 20E57 19. Olympia 
Ponca Sar die SKO 20. Plantahof 

4, Frontana 21. Ridit 

22. Red Fife 
23. Yeoman 
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The figures and characters of the aaBB-varieties (1-23 and a-k) are connected with 
the figs. 2a and 2b respectively. 

In this publication only those crosses are treated where in the F‚’s a 9: 7 segregation 
occurs. Contrary to our former suggestion to indicate the necrosis genes by the letter N, 
we still use here the notation A and B. The genes and genotypes will have to be 
mentioned so frequently in the following discussions that the use of N with indices 
would become too inconvenient. 


6. THE F‚'S 


Several authors (3, 6, 13, 14) have already stated that the necrotic F‚-plants of a 
given cross are uniform but that the degree of necrosis of different F‚’s may vary 
widely, dependent on the nature of the cross. An explanation of this phenomenon 
by assuming multiple allelism of the necrosis genes has been quoted (3, 6, 13, 14) 
while in (3) it is also emphasized that different genetic backgrounds may offer an 
adequate explanation. 

Since 1957 a large number of necrotic F‚’s has been studied. 


gram gram 


9 lONI2I3I4 1516171819 20 27 22 23 


2a 2b 


Fie. 2A. Thousand-kernel-weights of 72 necrotic F‚’s of 23 aaBB-varieties with the AAbb-varieties 
Minister (©), Panter (@) and Alter (5); Koga (o), Mus (Xx), Eskisehir (.) and Garnet (+). 
The F‚’s with the AAbb-varieties Marquillo, Big Club, Felix, Quanah and Ponca as parent 
(all lethal) have been indicated with horizontal dashes under the figure. 
For the names of the aaBB-varieties on the abscis see section 5, page 146. 

Fie. 2B. Thousand-kernel-weights of 29 necrotic F‚’s of 10 aaBB-varieties (-lines) with the AAbb- 
varieties (-lines) 12272 (Xx), Garnet (o), selection 3 from Criewener 104 (.) and Hohenthurm 
Stamm 16010/52 (-). For further remarks see under fig. 2a. No lethal F,’s. 
(Data for this figure have been derived from table 3 in SCHMALZ, 11). 
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In fig. 2a the thousand-kernel-weights in grams are presented of the necrotic F‚’s 
of 23 aaBB-varieties with some AAbb-varieties, while under the figure 16 lethal F‚’s 
are indicated with horizontal dashes. Of reciprocal crosses the means are given. If a 
given cross has been repeated in 2 or 3 consecutive years, it is also indicated 2 or 3 
times in the figure. 


From fig. 2a it follows that the AAbb-varieties fall into three distinct groups viz.: 
a. the Panter-group: Panter, Alter, Minister. 

b. the Koga-group: Koga 1, Mus, Eskisehir, Garnet. 

c. the Marquillo-group: Marquillo, Big Club, Felix, Quanah and Ponca. 


The F‚’s with the varieties of the Panter-group in general showed weak symptoms 
which became visible not before the stage prior to earing. In many of these F‚’s the 
symptoms were limited only to withered leaf tips. The thousand-kernel-weights are 
not or only slightly reduced. 

The F‚’s with the varieties of the Koga-group showed clear symptoms which in 
some F‚’s became visible already in the 3-4 leaf stage, in others in the tillering stage 
and in 4 Mus-crosses not before the stage prior to earing. A considerable time before 
maturity all leaves were entirely necrotic. However, practically all F‚-plants produced 
kernels. The thousand-kernel-weights vary from 5.0 to 53.9 gr. This wide variation 
is not continuous as will appear from the figure. Three groups of F‚’s can be distin- 
guished and therefore the aaBB-varieties 1-23 also can be divided into three groups, viz. 
1-4, 5-14 and 15-23. 

The examined F‚’s obtained with the varieties of the Marquillo-group all died very 
early. In the 2-3 leaf stage already clear symptoms were visible while every new leaf 
was largely necrotic before it was full-grown. Some F‚’s died before being able to 
form tillers, others succeeded in producing some lateral shoots but these also died 
after some time. 

The division of the AAbb-varieties and also of the aaBB-varieties 1-23 in three 
groups might be attributed to the triplicate gene pairs A, A, As As A3 Az and B, B, 
B, B, B; Bj, each pair with a qualitatively equal but quantitatively different effect. 
It may be expected that the triplicate pairs are localized in homoeologous chromo- 
somes but this ought to be confirmed by localization experiments. 

It is also possible to explain the inter-group differences with the aid of multiple 
allelism of the necrosis genes. 

When comparing the data obtained by ScHMALz (fig. 2b) and the above the con- 
clusion can be drawn that SCHMALZ only used AAbb-varieties of the Koga-group 
(gene or allele A) while only the genes (or alleles) B, and B; seem to be present in 
his material. 

Apart from these major differences smaller but heritable differences in degree of 
necrosis occur within each group of varieties with a given A- or B- gene. For instance 
Minister - F‚'s are generally less necrotic than Panter - F‚’s (both varieties carrying 
the gene 4;) and Marquillo - F‚’s less necrotic than Big Club - F‚’s (both varieties 
with the gene A3). Examples of these cases are also reported by other investigators (6, 
13, 14). It is difficult to decide whether multiple alleles of 4,, B,, etc. or different gene- 
tic backgrounds or both are responsible for these within-group differences. / 

In the F, of the cross Minister x Riebesel we found an indication that modifying 
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genes may influence the degree of necrosis. In this F‚ phenotypically normal plants 
occurred by the side of plants with weak symptoms and clearly necrotic plants. 
All these F‚-plants produced a segregating F, while the average degree of necrosis in 
the F‚’s was stronger when the F,-motherplant showed clearer symptoms. Because 
here only one allele of every necrosis gene is involved it is obvious to assume that the 
F‚-plants all possess the same genotype of necrosis but that different sets of minor 
genes occur in the F,‚ and that one of the parents (or both) was not pure for these 
minor genes. 

If the minor genes can produce an effect like in Minister x Riebesel it can be 
expected that in the above mentioned F‚’s also minor genes play a role. 

In conclusion the following remarks can be made. 

Through differences in heterosis, through differences in fertility of the soil and other 
environmental conditions in consecutive years and through genetic differences in 
thousand-kernel-weight of the aaBB-parents it is probable that the classification of 
the aaBB-varieties should be altered here and there when the foregoing differences 
have been eliminated. For instance it is not presumable that Joncquois would possess 
another B-allele than Nord Desprez and Cappelle which probably have inherited 
their B-gene from Joncquois. (The cross Mus x Joncquois was grown on a very fertile 
soil in 1959 and Mus x Cappelle and Mus x Nord Desprez in 1958 on a less fertile 
soil). 

In experiments set up to determine which necrosis genes and eventually which 
alleles of these genes occur in the wheat varieties the modifying effects of different 
internal (genic) environments of the necrosis genes should be taken into account, 
while the differences of the external environment should be eliminated as much as 
possible. 


7. THE F,’'s 


In the F‚„’s of the crosses of the Koga-selection without necrosis gene (genotype 
aabb) with the varieties H 11, Heine’s 476, Heine’s VII, Riebesel and Mendel (geno- 
type aaBB), the variability of the quantitative characters was not or hardly wider than 
that in the corresponding F‚’s. 

However, all F‚’s of Koga (AAbb) with the aaBB-varieties exhibited an unexpected 
wide variability in the group of necrotic F,-plants (3). 

In the F‚’s of Minister- and Panter-crosses there was also a wider variability than 
in the F‚’s, but clearly less wide than in corresponding Koga crosses, while lethal 
Fy-plants occurred rarely. The general level of the necrotic Fs-plants was also higher 
in this case. The investigations on these latter crosses have not yet been completed 
and therefore they are not discussed in this article. 

The crosses of Marquillo, Big Club and others with aaBB-varieties so far always 
produced lethal F‚’s in the field. In 1959 we have succeeded, via cold treatment (6 
weeks at 2°C) and planting in a growth chamber, in bringing to seed production 
some F‚-plants of the crosses Atlas 66 x Big Club, Atlas 66 x Marquillo and Big 
Club x Plantahof. The F‚’s will be examined in 1960. 
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8. CAUSE OF THE WIDE VARIABILITY WITHIN THE F2’S 


In our first publication (3) we propounded the following hypothesis as a possible 
explanation of the differences between F‚’s and the wide variability in the F‚’s: Cer- 
tain genes (modifying genes) which differ in the varieties used and which segregate in 
the F, in different combinations influence the effect of the two complementary genes. 

Since 1957 a number of facts have become evident which clearly suggest that the 
wide variability within each F; is caused by a dosage effect of the necrosis genes A 
and B. Furthermore indications have been obtained that minor genes also play a role 
in some crosses. 


9. THE DOSAGE EFFECT 


Evidence for the existence of a dosage effect of the necrosis genes has been obtained 
in three ways: 


a. By a close comparison of the necrotic F‚’s with the corresponding Fs's. 

b. By determining the segregation ratios in the F;-populations of seed producing 
necrotic F,-plants. 

c. Through the possibility of a phenotypic classification (stem length) of some segre- 
gating populations, each class containing the individuals with a definite necrosis 


genotype. 


a. Comparison of necrotic F‚’s with corresponding Fa’s 


The necrotic F‚’s and the necrotic part of the corresponding Fs's (ne-F) of six 
crosses have been compared on the basis of straw length (fig. 3) and ear length (fig. 4). 
All F‚’s and Fy’'s were raised in the same year and under circumstances as similar 
as possible. The comparison was made by expressing the mean value of the F, and the 
mean value of the necrotic Fs-plants as a percentage of the midparent value, the two 
parents having been sown in adjacent rows. In this way for each property two relative 
values were found per cross, one for the F,‚ and one for the corresponding ne-F,. For 
the series of six crosses we found therefore 6 F‚-points and 6 F-points for each of the 
two properties. 

The most obvious conclusion is that the differences in degree of necrosis of the 
various cross combinations have a genetical basis, because the degree of necrosis of 
the F‚-series and the ne-F} series appears to vary in a parallel way (r — 0.93 en 0.82 
for stem length and ear length respectively). 

A second important conclusion is that for all crosses the level of the F‚’s lies higher 
than that of the corresponding ne-F;’s. Now in each F, (genotype AaBb) as many 
dominant alleles (A and B) as recessive alleles (a and b) are present. However, in the 
group of necrotic F-plants the ratio dominant: recessive alleles is 2 : 1. The differen- 
ces in degree of necrosis of F‚’s and ne-F’s therefore might be caused by a shift in the 
ratio dominant: recessive alleles of 50% (F) to 66.7 % (ne-F). &) 


1) The effect of a smaller degree of heterosis in the F, as compared with the F, furthers the dif- 
ference between the two generations; however, in the Koga-crosses this effect is small when compared _ 
with the effect of gene dosage. 


150 


PROGRESSIVE NECROSIS IN WHEAT HYBRIDS 


30 Xpe-Fz 
20 


Jo 


—__> crosses > CPOS5ES 
Fig. 3 Fig. 4 


Fie. 3. Mean stem length of F‚ (e—e ), green F‚-plants (o—o) and necrotic F‚-plants (XxX — X) of the 
crosses Koga X Xx Heine’s 476 (1), Eskisehir X x Heine’s VII (2), Koga x x Heine’s VII (3), 
Koga X x Mendel (4), Koga Xx x H 11 (5) and Eskisehir x Spelt line 10 (6), all raised in 
1957. Midparent value — 100 


Frio. 4. Mean ear length of F,‚ (e—e) and necrotic Fs-plants (X— X) of the crosses mentioned in 
fig. 3. Midparent value — 100 


Frio. 5. Stem length of F‚- (X X X) and necrotic F‚-individuals (.…) of H 11 X Koga (left) and Hei- 
ne’s 476 Xx Koga (right). Midparent value — 100. The plants have been arranged in order 
of stem length. For further explanation see the text on page 152. 
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In order to be able to compare the F‚’s more closely with the corresponding ne-F‚'s, 
in fig. 5 graphs have been drawn for the stem-length of F‚-plants and of necrotic 
Fs-plants, the midparent value having been fixed at 100. 

The sequence of crosses and points can be considered as being produced by arrang- 
ing all F,- and necrotic F‚-plants respectively in order of stem length, by drawing 
at the top of the longest stem of every F‚-plant a cross and putting a point at the top 
of the longest stem of every necrotic F‚-plant and then removing the plants. 

It now appears that the degree of necrosis of the F‚-plants somewhat resembles that 
of the best-developed ne-F‚-plants. This is also clearly shown in table 2 (columns 2 
and 3). 


TABLE 2. LIMITS AND MEANS OF STEM LENGTHS IN F‚’'S AND F,'S OF FOUR KOGA CROSSES AS EXPRESSED 
IN MIDPARENT VALUE 


Cross ed elle Level of. | Average stem length in % of parents 
combinations = parents |— 
F, ne_—F; F, ne_—F, gr-F, 
Koga xx H 11 61-116 2107 100 83.5 51,3, r ldO2 
Koga Xx x Mendel 45-112 6113 100 86.1 STZ ION 
Koga Xx x H’s VII 66-116 5122 100 93.5 61.4 100.5 
Koga Xx x H’s 476 74-126 sis) 100 O2 78.1 99.6 


Therefore we may expect that the best-developed ne-F-plants agree genotypically 
with the F,, i.e. possess the AaBb-genotype, and will therefore also produce the 9 : 7 
ratio in their offspring (F3). 


b. The segregation ratios in the Fs-progenies of necrotic F‚-plants 


The genotypes of the necrotic F-plants are: 


AaBb (4/9th part) segregating in the F; into 9 necrotic: 7 green 
AABb (2/9th part) se 
AaBB (2/9th part) n lie varen 3e Le 
AABB (1/9th part) F3 necrotic, non segregating (ratio 1 : 0) 


,, 2 2 2 3 bed l ’, 


If all the necrotic F‚-plants produced a progeny in 9 Fz-populations we could ex- 
pect 4 x the ratio 9 : 7, 4 X the ratio 3 : l and 1 X the ratio 1 : 0. 

If 8 of the 9 ne-F-plants (88.8 %) produced a progeny the following ratios could be 
expected on the dosage theory: 4 x the ratio 9 : 7 and 4 x the ratio 3 : 1. 

If 4 or less than 4 of the 9 ne-F-plants (44,4%) produced a progeny, only 9 : 7 
ratios could be expected in the Fs's. 

The expectation is therefore that 3 : 1 ratios in the F3’s only occur when more than 
44,4% of the ne-F‚-plants produce a progeny. That this was actually found appears 
from table 3 in which is presented the percentage of necrotic Fs-individuals that has 
produced an F3 (3rd column), and also the calculated and observed frequencies “of 
the segregation ratios 9 : 7,3 : land 1 : O in these F’s (last three columns). 
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TABLE 3. CALCULATED AND OBSERVED FREQUENCIES OF THE THREE POSSIBLE SEGREGATION RATIOS IN 
THE PROGENIES OF NECROTIC Fz-PLANTS. THE CALCULATION IS BASED ON THE ASSUMPTION 
THAT A DOSAGE EFFECT OF THE NECROSIS GENES IS INVOLVED. See text. 


Number of necrotic Frequencies of the segregation 
F,-plants ratios in the Fs’s 
Cross combinations 8 
producing seed 
total (in % of the OER, Omen 1e0 
total number) 
SOE en 62 223555) Cale. 22, 0) 0) 
obs. 22 0) 0 
Niendel <SKogat 67 2 STESA Cale R25 0 0 
obs. 23 2 0) 
Spelt line 10 x Eskisehir . 48 18 (37.5%) | calc. 18 0 0 
obs. 18 0 0 
Eskisehir Xx Speltline10 23 9 (39,1%) |calc. 9 0 0 
obs. 9 0) 0 
Eskisehir x Heine’s VII. . 25) 11 (47.8%) | calc. 10.2 0.8 0 
obs. 10 1 0 
EIB KOSa- nd anr 68 33 (48.595) | calc. 30.2 2.8 0 
obs. 31 2 0 
Kosans Mendel … 60 30 (50.095) | calc. 26.7 323 0 
obs. 28 2 0 
Heine’s VII x Eskisehir . 23 1SM(6SE2/) er Ccale10:2 4,8 0 
obs. 11 4 0 
Heine’s 476 x Koga... 21 15 (71.4%) |ecalc. 9.3 SET 0 
obs. 9 6 0 
Koga Xx Heine's 476 . . . 18 17 (94,4%) |ecalc. 7.6 7.6 1.8 
obs. 12 5 0 


From this table a good agreement with the expectation is evident. It is an indication 
for the correctness of the above-mentioned theory concerning the dosage-effect of 
the necrosis genes. 

It should be pointed out, however, that the existence of a dosage effect of the major 
necrosis genes does not exclude an effect of the modifying genes, as will appear from 
the arguments mentioned under c. 

The segregation ratios found in the F3’s of the crosses Koga Xx H 11 and Koga Xx 
Heine’s 476 are given in the tables 4 and 5 together with y? and P. From these tables 
it follows that the Koga x H 11 populations all gave a significant 9 : 7 segregation. 
The F3’s of Koga x Heine’s 476 produced, apart from 9 : 7 segregation, a number 
of segregation ratios corresponding with 3 : 1. 

Table 6, following the tables 4 and 5, shows that the F3's of Koga x H 11 are ho- 
mogeneous in their segregation ratios while the sum of the segregation ratios agrees 
very well with 9 : 7. 

The Fs’s of Koga x Heine’s 476, however, appear to be very heterogeneous as 
concerns segregation ratios (3rd column of table 6), while the sum of all the segre- 
gation figures agrees neither with 9 : 7 (P < 0.01) nor with 3 : 1 (P < 0.01). This 
series of Fa’s can be classified into two sequencies viz. a 9 : Tand a 3 : 1 series (table 
6, 4th and 5th column), so that not only the sums of the segregation figures agree very 
well with 9 : 7 and 3 : 1, respectively, but also the two sequences are homogeneous. 
It is evident, therefore, that the 3 : 1 populations are no accidental deviations from 


the 9 : 7 ratio. 
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TABLE 4. SEGREGATION RATIOS NECROTIC : GREEN IN THE PROGENIES OF NECROTIC Fz-PLANTS DERIVED 
FROM THE CROSS KOGA X H 11. In all Fs-populations the theoretical ratio was 9 necrotic : 


7 green. 
EEN ner abd eter me ged eed te ee 
Observed numbers 
F;-populations : ue B 
necrotic green 
I- 1 50 36 0.121 0.80-—0.70 
iS 6 10 2.286 0.20-0.10 
—21 18 11 0.405 0.70-—0.50 
— 25 19 2) 1.667 0.20-—0.10 
— 32 34 22 0.454 0.50 
— 35 15 6 1.981 0.20-—0.10 
I- 2 11 10 0.124 0.80-—0.70 
— 4 18 16 0.145 0.80-—0.70 
5 23 19 0.035 0.95-—0.90 
— 6 4 5 — — 
—15 21 2 0.968 0.50-—0.30 
— 18 55 33 1.397 0.30-0.20 
— 33 4 11 5.233 0.05-—0.02 
— 39 3 6 = = 
UI- 7 12 | 8 0.130 0.80-—0.70 
— 14 11 12 0.637 0.50-0.30 
— 19 3 2 = = 
—21 9 7 0.000 1 
— 33 22 23 0.924 0.50-0.30 
— 34 28 26 0.510 0.50-—0.30 
— 36 29 15 1.668 0.20-0.10 
— 39 2 18 0.231 0.70-0.50 


TABLE 5. SEGREGATION RATIOS NECROTIC: GREEN IN THE PROGENIES OF NECROTIC Fs-PLANTS DERIVED 
FROM THE CROSS KOGA X HEINE’S 476 


{ Observed numbers Theoretical 
F;-populations rade X5 B 
necrotic green 

MI- 1 17 18 OER 0.847 0.50-0.30 
— 2 31 23 QE 0.027 0.90-0.80 
— 6 72 67 Or 1.124 0.30-0.20 
— 7 15 7 Od 1.249 0.30-0.20 
— 9 70 65 ON 1.048 0.50-0.30 
—_15 83 56 NS 0.674 0.50-0.30 
— 22 43 27 Osu 0.752 0.50-0.30 
— 23 125 92 KO 0.158 0.70-0.50 
— 25 94 77 Ol 0.115 0.80-0.70 
— 34 31 30 Seit 0.725 0.50-0.30 
— 35 95 51 O7 4.631 0.05-0.02 
— 39 70 45 IT 0.993 0.50-0.30 

II — 11 35 12 SI 0.007 0.95-0.90 
— 18 44 9 Sel 1.853 0.20-0.10 
— 19 2 0 Se — — 
— 21 53 21 geel 0.450. 0.70-0.50 
— 26 23 12 Srerl 1.610 0.30-0.20 
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TABLE 6. DEVIATIONS AND HETEROGENEITY OF THE 9 : 7 AND 3 : 1 RATIOS IN THE F3-POPULATIONS OF 
KOGA X H 11 AND KOGA X HEINE’S 476 
en EER Eet CS AEEA EOL Gl MEE SEE 


Koga Xx H 11 Koga Xx Heine’s 476 

all Fs's) All Fs’s 9 : 7 series 3 : 1 series 
Number of E's... 22 17 12 5 
Sum of segregations . . 422 : 340 904 : 611 1AORERSSS ils 5) 
Expected et En 428.6 : 333.4 852.2 : 662.8 133505 158.3 : 52.8 
Bis(deviation). . 0.233 6.958 0.487 0.002 
Degrees of freedom . . 1 1 1 1 
Ei(deviation)ne …………… 4 0.70-0.50 <0.01 0.50-0.30 0.98-0.95 
x° (heterogeneity) . . . 18.680 36.940 11.855 3.918 
Degrees of freedom . . 18 15 tl 3 
P (heterogeneity) ... 0.50-—0.30 <0.01 0.50-—0.30 0.30-0.20 


The other crosses examined produced analogous results, so that it is superfluous to 
discuss them in detail. 


c. Classification of segregating generations 


The most direct proof for the existence of a dosage effect of the necrosis genes 
would be obtained if it could be demonstrated: 


1. that as many phenotypic classes occur in the necrotic part of the segregating 
populations as there are different genotypes; 

2. that the number of individuals in each of those classes agrees with the frequency 
of each of the genotypes in the population viz. in a 9 : 7 population three or four 
classes with frequencies 4 (AaBb), 4 (AABb + AaBB) and 1 (AABB) and ina 3 : 1 
population two classes with frequencies 2 (AABb or AaBB) and 1 (AABB); 

3. that the phenotypic classification has brought together the necrotic individuals 
with the same genotype of necrosis. 


Phenotype here means the degree of necrosis and as a measure of this we have 
chosen the stem length of the plants. 


Classification of Fs-populations 


1. Phenotypic classification. 

Fig. 6 gives F,-curves of the reciprocal crosses Koga xx H Il and Koga x Xx 
Heine’s 476, as they were found in 1957. The ne-F,-curves of Koga Xx H 11 and H 
11 x Koga both show a gap round the points 15% and 60%, that is at a height of 
13 cm and 52 cm respectively. Consequently three height classes can be established 
in these F‚’s. The frequencies within the classes agree significantly with the frequencies 
of the genotypes: 4 AaBb, 4AABb + AaBB) and 1AABB (P = 0.50-0.30 for Koga 
x H 11 and P = 0.70-0.50 for H 11 x Koga). 

In the F‚ of Koga x Heine’s 476 the highest class and the middle class are not 
separated phenotypically, while in the F‚-curve of Heine's 476 x Koga a flexion 
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occurs between these two classes. In both crosses however there is a gap between the 
middle and the lowest class. 
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Fig. 6. Stem length of the normal (ooo) and neerotic (. .) individuals of Koga Xx H 11 (a), H 11 Xx 
Koga (b), Koga X Heine’s 476 (c) and Heine'’s 476 X Koga (d), all raised in 1957. Midparent 
value — 100. The plants are arranged in order of stem length. 

The necrotic Fy-individuals with an arrow upwards segregated in the F3 into 9 :7, those with 
an arrow downwards segregated in the F; into 3 : 1. No arrow means: no seed produced. 


2. Genotypic classification. 


The genotype of the necrotic F,-individuals have been determined by assessing in 
their progenies the segregation ratios necrotic: green. 

In fig. 6 all ne-F, individuals that produced seed have been indicated by an arrow. 
The arrows directed upwards indicate the F‚-plants which in their F3-progeny segre- 
gate into 9 : 7 and therefore possess the genotype AaBb. The arrows directed down- 


wards mark the F,-plants possessing the genotype AABb or AaBB because their F3- 
progenies segregate into 3 : 1. 
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It appears that in the curves of Koga x x H 11 the ne-F‚-plants with the genotype 
_AaBbb are indeed concentrated in the highest phenotype class above the gap at 60%. 
As only 4/9th of the necrotic F‚-plants has the genotype AaBb we may assume that 
the plants with the genotypes AABb, AaBB and AABB lie below the 60 % point. 

This means that the degree of necrosis (stem length and seed production) of the 
F‚-plants is dependent on the number of dominant alleles of the necrosis genes, that 
is on the gene dosage. 

Also in the Fs-curves of Koga X x Heine’s 476 (fig. 6c and d) the AaBb genotypes 
are concentrated on the left side and the single heterozygotes (4AABb and AaBB) 
appear more to the right side. However the separation of the genotypes is less sharp 
than in Koga x H 11. This means that the gene dosage effect is still noticeable, but 
that the limit between the double heterozygotes and the single heterozygotes is faded. 


Classification of Fs-populations 


The F3's of H Il X Koga and Koga x H 11 which were measured and assessed 
in 1958 all segregated in 9 necrotic : 7 green. They all appeared to be equally well 
or even better classifiable than the F,-generations: figures 7 and 8 (p. 159). 

The gaps in the F3-curves lie at about 10 and 35 cm, lower than in the F, graphs. 
(The F‚’s were planted on a more fertile soil with a very fine structure). The gap at 
35 cm which separates the genotype class AaBb from the class with 3 dominant 
alleles (AABb + AaBB) is almost always wider than that at 10 cm and sometimes it 
is more than 20 cm (see II-12). It follows that by the addition of a third dominant allele 
to the two of the double heterozygote the degree of necrosis is greatly enhanced. The 
gap at 10 cm is significant, since the plants under 10 em in these crosses were clearly 
distinguishable from the other plants because they died in a very young stage (3-4 
leaf stage, one sprout). 

In consequence of the dosage effect only two small 3 : 1 F3's of Koga xx H 11 
were available and therefore it was not possible to ascertain the classifiability of these 
populations. 

In figures 9 and 10 some F3 height curves are presented of Heine's 476 X x Koga 
(p. 162 and p. 163). Of these crosses mainly 3 : 1 populations were measured and 
only a few 9 : 7 populations. The cause of this was the dosage effect of the necrosis 
genes, for the largest populations were sown directly into the field and on account of 
too dense and sometimes irregular stand they were not measured. The populations 
of moderate size were first sown in flats, later planted into the field and therefore 
also measured. Afterwards the measured populations of Koga Xx x Heine’s 476 (the 
smaller ones) appeared to be mainly 3 : 1 populations derived from AABb- or 
AaBB-parents, while the non-measured populations (the large ones) mainly segregated 
into 9 necrotic : 7 green and therefore were derived from AaBb-plants. 

All 3 : 1 Fs’s appear to be clearly classifiable except 11-18 (fig. 10). Of the 9 : 7 
populations I11-34 (Fig. 10) shows a gap of 6 mm between the highest and the middle 
class, in contradistinction to the F,, and also a gap of 15 mm between the middle and 
the lowest class, in agreement with the F,. The population I11-35 (fig. 9) is not clas- 
sifiable. 

The figures 11 and 12 present a clear picture of the classifiable 3 : 1-F3 ///-32 and 
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the non-classifiable 9 : 7-F; 11/-35, both from the cross Heine’s 476 x Koga (cf the 
graphs in fig. 9). 

The small number of 9 : 7 Fis of Koga xx Heine’s 476 measured in 1958 was 
insufficient to establish whether their height-curve agreed with those of the correspond- 
ing Fa. In section 10 it will appear that this agreement is not always present and that 
the 9 : 7 Fis of Heine’s 476 x Koga vary from clearly classifiable to non-classifiable. 

As these facts cannot possibly be explained through the influence of different con- 
ditions of the environment on the expression of the dosage effect of the necrosis genes, 
in section 10 we have tried to find an explanation in terms of modifying factors. 


TABLE 7. SEGREGATION RATIOS NECROTIC : GREEN IN F3-POPULATIONS WITH — WHERE POSSIBLE — A 
SUBCLASSIFICATION OF THE NECROTIC PLANTS ON THE BASIS OF THE GRAPHICAL DISTRIBU- 
TIONS OF STEM LENGTH, SOME OF WHICH ARE GIVEN IN FIGS. 7 TO 10 INCLUSIVE. The theore- 
tical ratios are 1 : 2: 1, if the F;segregates into 3 necrotic : 1 green; the theoretical ratios 


arel:4:4:7or5:4:7ifthe F; segregates into 9 necrotic : 7 green 


ï E Number of individuals 
eon Babi dae Sat rn Theoretical ratios within the height classes x P 
necrotic green necrotic ‚ green 
H il x Koga H-9 blie! 7 10 + 13 10 4.015 0.20-—0.10 
HI-12 Md! eli 14 + 8 16 0.629 0.80-—0.70 
I-15 1:4:4 :7 15 +13 +21 26 2.491 0.50-0.40 
1-17 1:4:4 :7 [4 +21 +17| 39 Ten55 0.80-—0.70 
H-19 SJN! zr ZOE ROET ZE 2:35 0.50—0.30 
1-31 ot 12 + 11 9 3.311 0.20-0.10 
Koga Xx H 11 H-4 Sd 7 TOENE LG 1.001 0.70-0.50 
1-5 St EE lo 13 +10| 19 0.044 0.98-—0.95 
II-15 9 be 19 | 24 subclassification 
not clear 
1-18 1 ded 7 [5 +22+28|\ 33 2.208 0.70-0.50 
Heine’s 476 x Koga| II-7 ie 22 | WSR 1e 3.387 0.20-0.10 
I-12 1tes2 ej 268 72 ES 2.406 0.50-—0.30 
UI-32 Jes2 zel 12 + 33 15 0.900 0.70-0.50 
1HI-35 9 el 36 | 28 no subclassification 
possible 
Koga x Heine’s 476 HI-1 5 a 7 13 + 4 18 1.045 0.70-—0.50 
HI-7 9 7 15 7 subclassification 
not clear 
UI-11 INR 12 22 12 0.087 0.98-0.95 
II-18 3 1 44 9 subclassification 
not clear 
HI-21 fps 2 val 2231 2 1.973 0.50-0.30 
11-26 Wes zl 8 + 15 12 1.629 0.50-—0.30 
1I-34 du eijd PU 24 +10! 30 2.433 0.30-—0.20 


In table 7 the segregation ratios necrotic: green of all Fz-populations measured in 
1958 are given together with, where possible, a subclassification of the necrotic plants 
on the basis of the graphical distributions of stem length. Some of these populations 


158 


PROGRESSIVE NECROSIS IN WHEAT HYBRIDS 


are given in fig. 7 to 10 inclusive. From the values for 4? and P the agreement of the 
graphically determined and the computed ratios can be seen. 

Only one population could not be classified, viz. III-35 of Heine’s 476 x Koga. 
This will be discussed under d and in section 10. 

The ambiguous classifiability of II-15 Koga X H 11 and III-7 Koga x Heine’s 476 
may be the result of too small a number of necrotic individuals, while III-18 of Koga 
x Heine’s 476 showed no clear-cut classes, either through the influence of the envi- 
ronment or through a particular constellation of minor genes. 
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Fig. 7. H 11 x Koga 


Fig. 8. Kogax H 11 


FIG. 7 AND 8. Stem length in cm of the normal (.……) and necrotic (X X X) individuals of some F3- 
populations of the crosses H 11 x Koga (fig. 7) and Koga x H 11 (fig. 8). 
Individuals arranged in order of stem length. 
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d. Segregation ratios and classifiability in the Fy-generation 


Among the 161 Fy-populations of the cross Koga x x Heine’s 476 which were 
examined in 1959, not one appeared to comprise exclusively necrotic plants. It fol- 
lows that of the crosses tested not a single F3-plant with the genotype AABB has pro- 
duced seed. 

The F;-populations segregating into 3 necrotic : 1 green all produced a homo- 
geneous series of 3 : 1 ratios in the F,. It follows that all seed-producing F-plants 
of these populations possessed the genotype AABb or AaBB. 

The two F;-populations segregating into 9 necrotic: 7 green both yielded a homo- 
geneous series of 9 : 7 segregations in the F,. 

These results confirm the existence of a dosage effect of the necrosis genes A and B. 
Furthermore it is apparent that the classification of the F3’s on the basis of height 
and seed production has indeed brought together individuals with the same genotype 
of necrosis. The results mentioned above are presented in table 8. 


TABLE 8. DEVIATIONS OF THE 9 : 7 AND 3 : Ì RATIOS AND HETEROGENEITY IN THE F4-POPULATIONS OF 
THE CROSSES KOGA X HEINE’S 476 (UPPER FIVE ROWS) AND HEINE'S 476 X KOGA (LOWER 


FIVE ROWS) 
EER Segregation in F3 RAE dee) 
Nr. Ee observed aad ee X° dev. P dev. x° het. P het. 
necrotic| green ratios necrotic| green 
UI- 7 15 7 Ds 5) 356 295 | 0.649 | 0.50-0.30 | 8.475 | 0.50-0.30 
UI-11 34 1 Bel 5 143 43 | 0.351 | 0.70-0.50 | 4.341 | 0.50-0.30 
UI-18 44 9 3e 13 447 151 | 0.020 / 0.90-0.80 | 8.970 | 0.80-0.70 
UI-21 5), il Zil 400 135 | 0.016 / 0.90-0.80 | 9.553 | 0.80-0.70 
UI-26 23 12 Sasel 324 132 | 3.788 | 0.10-0.05 | 10.568 | 0.30-0.20 
UI- 7 44 22 5)! 17 457 197 SS 2 <0.01 | 30.140 | 0.02-0.01 
UI-12 98 37 3askl 44 1431 500 | 0.822 | 0.50-0.30 | 36.731 | 0.80-—0.70 
HI-13 59 16 SHE 15 362 140 | 2.234 | 0.20-0.10 | 9.073 | 0.90-0.80 
HI-32 45 15 Skeet 22 648 234 | 1.102 | 0.30-0.20 | 7.605 <0.99 
HI-35 \ 36 28 OE 12 454 336 | 0.474 | 0.50-0.30 | 10.052 | 0.70-0.50 


Part of the F‚-populations had been directly sown in the field. The others had been 
sown in flats and later transplanted in the field. In spite of a difference in emergence 
of more than 30% neither the overall segregation ratios, nor the homogeneity of 
the ratios appeared to differ significantly. The populations resulting from UI-7 
of the cross Heine’s 476 x Koga formed an exception: The 9 F‚-populations that were 
sown in flats showed a homogeneous series of reliable 3 : 1 ratios while the 8 F,- 
populations which had been sown directly in the field produced deviating segre- 
gation ratios, and the series was not homogeneous. The cause could not be esta- 
blished with certainty. 

A shortage of necrotic plants was established both in the case of good and in the 
case of poor emergence, particularly in the 3 : 1 F‚’s of the cross Heine’s 476 x Koga. 
The F‚-segregation ratios have not been corrected however, since no data are available 
from the F;-generation. 


The lengths were measured of the F‚-populations which had been sown in flats and 
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eiG. 11. (F‚II1-32) Random individuals derived from each of the three classes found: normal plants 
(left), single heterozygotes (centre) and completely homozygous dominant plants (right) 
in the theoretically expected frequencies 3 :6 : 3. The ratios observed were 15 : 33 : 12 
(x2 = 0.9000; P = 0.70-0.50) 


IG. 12. This figure was obtained by first arranging the necrotic F‚-plants of 11-35 in order of stem- 
length and then, beginning with the longest, choosing every fourth plant, so that the series 
presented here comprises } of the actual number of necrotic F;-plants, but gives a good 
picture of the whole population. The first plant on the left is a normal one 
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later planted in the fields. It is not feasible to give in this article all the height-curves 
‚ found. Therefore we will only summarize the results here: 


Ll. The classifiable 3 : 1 Fs’s all produced classifiable F,’'s. The lowest class (AABB) 
was in 1959 more variable than in 1958. This caused the separation of the two classes 
to be not always as sharp as in 1958. Most probably this may be attributed to the 
severe drought of 1959 from some weeks after planting onwards, on account of which 
some plants that had not yet rooted themselves sufficiently died prematurely and so 
remained smaller than others which happened to be planted more solid or had been 
planted on a somewhat more favourable place. 

2. The frequencies within the classes significantly agreed with the genotype fre- 
quencies. 


Special mention should be made of the F3-population III-35 which in 1958 segre- 
gated into a 9 : 7 ratio and then showed a fairly continuous curve (fig. 9). In fig. 14 
we have pictured some curves of Fy’s of III-35. In all these F‚’s the AABB-plants 
appear to form a separate group. The middle and highest classes, in contradistinction — 
to the F3, are clearly separated in I11-35-15, but this separation cannot be consistently 
made in the other F‚'s. 

The occurrence of the completely classifiable F,-population [II-35-15 derived from 
the non-classifiable F3 III-35 cannot easily be explained through the influence of 
environment. A possible explanation is presented in the following section. 


10. MODIFYING FACTORS 


If in the segregating populations only the dosage effect of the necrosis genes played 
a role, it could be expected that all 9 : 7 Fs’s would show height curves which more or 
less agreed with the corresponding Fy-curves, while the height curves of the 3 : 1 F3's, 
apart from the frequencies within the classes, would correspond with the right hand 
side of the F,-curves (middle + lowest classes). 

For the crosses Koga x x H 11 and Koga X Xx Heine’s 476 whose F,-curves show 
clear differences, this involves the following: 

L. All9 :7 F‚’s of Koga Xx x H 11 would be equally well classifiable as the F‚’s. 
This has appeared to be true indeed in 1958 (figs. 7 and 8). 

2. All 3 :1 Fis of Koga xx H 11 would contain only small necrotic plants in 
which no or hardly any classes could be distinguished. In 1958 only 2 small 3 : 1 Fs’s 
of H 11 x Koga were available, consisting of fairly poor, necrotic plants, but the 
number of necrotic plants was too small (5 and 14 resp.) to be able to say anything 
about their classifiability. 

3. All3 : 1 Fis of Koga x x Heine’s 476 would exhibit two clear height classes. 
This was generally established in 1958 (figs. 9 and 10), although in III-18 (fig. 10) the 
class limit was hardly noticeable. 

4. All 9 :7 Fis of Koga Xx x Heine’s 476, like the F,’s, would only show a gap 
between the middle and the lowest class while the limit between the highest and 
middle class would not be noticeable or at the utmost only by an inflexion in the curve. 
Now in 1958 the F;-population I1I-34 (fig. 10) appeared to be better classifiable than 
the corresponding F‚ (fig. 6) while contrarily the Fj-population 11-35 (figs. 9 and 
12) was not at all classifiable. 


161 


J.G. TH. HERMSEN 


zo -12 


-7 
90 HI -32 lee, 
NN, Ae 
OOP a. hint 
No 

7o Ee 

a 5 
60 x 

Goose, x 
50 x 
Nae 
40 Ne 
ex 
30 % 
X, x 
20 Gor * 
ox ax, 

Jo dok 
pe mr 


Fi. 9. H 476 x Koga 


Fi. 9 AND 10. Stem length in cm of the normal (..) and necrotic (Xx x Xx) individuals of some Fz- 
populations of the crosses Heine’s 476 X Koga (fig. 9) and Koga x Heine’s 476 (fig. 10). 
Individuals arranged in order of stem length. 


These two different 9 : 7 Fa's in 1958 made it impossible to establish whether the 
height curves concerned were in agreement with the corresponding F»’s. 


Of an F, from Heine’s 476 x Koga raised in geranium pots, and derived from 
1 necrotic F‚-plant, in 1959 15 Fz-populations were sown in flats and later transplanted 
in the field. 

The average emergence of F3’s was 96.4 % (88-100 %). In fig. 13 (p. 164) the height- 
curves are presented of four 9 : 7 Fa’s (viz. IV-11, 21, 27 and 68) and of two 3 : 1 F3's 
(IV-37 and IV-47). 

The most conspicuous results are: 


Ll. The clearly classifiable 9 : 7 population IV-11 by the side of the clearly non- 
classifiable 9 : 7 population IV-27 (cf. 11-35 in fig. 9), with the transitional popula- 
tions IV-21 and IV-68 (cf. 111-34 in fig. 10). 

2. The clearly classifiable 3 : 1 population IV-47 by the side of the clearly non- 
classifiable 3 : 1 population IV-37 (cf. II-11 and HI-18 resp. in fig. 10). 

3. The gaps in the curves of the classifiable populations lay on corresponding 
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Fi. 10. Koga x H 476 


places: between the highest and middle classes at about 70 cm, between the middle 
and lowest classes at about 30 cm. While the F, was ambiguously classifiable, clearly 
classifiable 9 : 7 populations appeared to occur in the F3’s, particularly IV-11. 


If we compare fig. 13 with fig. 14, in which the F‚-populations nrs 3, 7, 8 and 15 of 
the non-classifiable F; III-35 are presented, there appears to be a close agreement. 


Summarizing the above described results, the following data are now available: 
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Frio. 13. Stem length in cm of the normal (..…) and necrotic (Xx x x) individuals of four 9 : 7-F's 
and two 3 : 1-F‚’s of the cross Heine’s 476 x Koga, all grown in 1959 


Ll. Classifiable populations produce classifiable populations in the following gene- 
rations (F3’s of Koga x x H 11, F‚y's of Koga x x Heine’s 476). 


2. Non- or ambiguously classifiable populations produce in the following genera- 
tion non-classifiable populations by the side of clearly classifiable populations, with 
between these extremes transitional populations as concerns classifiability. Therefore 
in each following generation the percentage of classifiable populations is enhanced. 


In consequence the following hypothesis can be propounded: 


There are minor genes able to modify the degree of necrosis. Different modifier 
combinations in a population segregating for necrosis are able to fade the class limits. 
In every following generation the homozygosity of the minor genes increases and as 
a consequence the proportion of clearly classifiable populations will also be enhanced. 

However, the offspring of classifiable 9 : 7 Fs’s of the crosses Koga x x Heine’s 476 
have not yet been examined. Not until more data have been obtained it will appear 
whether the above propounded hypothesis of modifying factors is correct. 


In the meantime another remarkable phenomenon has become manifest in the cross 
Minister x x Riebesel. The F, of this cross consisted partly of plants with clear ne- 
crosis symptoms, partly of plants which seemed entirely normal while another part 
also exhibited weak symptoms. The F-progenies of all these F‚-plants segregated into 
normal and necrotic plants whereby the average degree of necrosis in the F»’s of 
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Fie. 14. Stem length in em of the normal (..….) and necrotic (Xx x Xx) individuals of four 9 : 7-Fy’s 
of the cross Heine’s 476 x Koga, all grown in 1959. The parent population was the F3 
1I-35 (fig. 9 and 12). 


necrotic F‚-plants was stronger than in the Fs’s of phenotypically normal F‚-plants. 

From results with Fz-populations derived from this cross it has also become appa- 
rent that many F‚-plants which were considered normal, produced a segregating F3. 
Consequently the segregation ratios found in the F, give no certainty about the 
genetical basis of necrosis in these crosses (cf. discussion in HERMSEN, 4). 

In our opinion these facts should be explained by assuming impurity in one of the 
parent varieties (or both), not for the necrosis genes themselves, but for minor genes 
influencing the necrosis. 

Finally it should be mentioned that the occurrence of Fy-plants of Koga Xx Xx 
Heine’s 476 which were called normal or doubtful and later produced a segregating 
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F3, can be explained by assuming that these plants possess the genotype AaBb with a 
favourable combination of modifiers. 


In summarizing this section on modifying genes we may conclude that there are 
indications of a modifying influence of minor genes both in the F‚’s and in the F- 
and following generations. This involves: 


1. a modification of the effect of the triplicate necrosis genes and eventually of the 
multiple allelism of these genes. 

2. a modification of the dosage effect in F, and other segregating generations by 
modifying genes whose effect can be detected only in populations where they are 
segregating. 

It is difficult to establish how far these minor genes are identical with or belong to 
the genes determining the quantitative characters. 


11. THE ENVIRONMENT 


Although the influence of the environment on the necrosis symptoms was not ex- 
tensively investigated some interesting data have been obtained through trials aiming 
at the production of more seed from various necrotic F‚-plants. 

F‚-plants of Eskisehir x x Triticum spelta line 10 were all vernalized in the winter 
months in a natural way. In February some of the plants were transferred to two 
growth chambers (daylength 18 hours and 15 hours) while the rest of the plants were 
planted in the field in March. From table 9 the superiority of the artificially raised 
plants is apparent. 

The F‚’s of Mus X x Plantahof and Mus x x Mendel consist entirely of necrotic 
dwarfs because apart from the necrosis genes a set of dwarf genes is also active in 
these plants. When raised in the field these plants generally produce no seed. In a 
growth chamber (18 hours daylength) the plants appeared much more vital and more 
productive (table 9). 


TABLE 9. QUANTITATIVE CHARACTERS OF THE NECROTIC F‚ESKISEHIR X X 7. spelta LINE 10 AND THE 
NECROTIC DWARF-F,'S MENDEL X MUS AND MUS X X PLANTAHOF, RAISED UNDER NATURAL 
CONDITIONS IN THE FIELD (1) AND IN A GROWTH CHAMBER (II) WITH 18 HOURS DAY-LENGTH 
(ESKISEHIR X X SPELT ALSO WITH 15 HOURS) 


Stem- 1000- 


; Day- A Ears p K 1 K 1 
r UE Visdn | Yer | emg | EA | parten | heren ter 
Esk. xX x T. spelta I normal 1958 7251 — 30.1 — 9.3 
u 18 hrs 1958 12587 4.8 73.0 153 43.9 
15 hrs 1958 116.4 3.0 43.8 15.6 39.6 
Mendel x Mus | normal 1957 2.0 pis) 1.3 — 
normal 1958 = et 0.0 0.0 — 
II 18 hrs 1958 — 6.3 24.2 3.8 — 
Mus Xx x Plantahof I normal 1956 — 0.06 0.0 0.0 — 
“normal 1957 so 0.4 0.2 0.5 — 
normal 1958 — 0.2 0.0 0.0 — 
II 18 hrs 1958 — 912 173 1.3 — 
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The most conspicuous result was obtained with the F,’s of Atlas 66 x Marquillo, 


‚ Atlas 66 x Big Club and Big Club x Plantahof. 


When grown in the field these F‚’s are lethal. The F‚-plants of the last cross even 
died in the 3-4 leaf stage and formed only one little shoot. Through a cold treatment 
(6 weeks at 2°C) and later planting in a growth chamber (18 hours day length) it 
was possible to bring the plants to seed production. 

Of the one F‚-plant derived from Atlas 66 x Marquillo, 48 kernels were obtained 
(thousand-kernel-weight 25.4 gr). The one F‚-plant of Atlas 66 x Big Club produced 
28 kernels (thousand-kernel-weight 13.2 gr.) while the 4 F‚-plants derived from Big 
Club x Plantahof together produced 35 kernels (thousand-kernel-weight 4.6 gr). 

Raising of the plants in the same growth-chamber but without previous cold- 
treatment had some effect, but the F‚-plants remained lethal. The growth of these 
same F‚’s in the field also took place without cold treatment. All plants died in an 


early stage, long before shooting. The most interesting fact is that in the field Atlas 


66 x Marquillo was best developed and Big Club x Plantahof was the weakest F,, 
this being in agreement with the artificially raised F‚’s. It follows that the various 
effects of the alleles of the necrosis genes are clearly maintained in spite of a strong 
influence of the environment. 

A general conclusion from the foregoing is that the natural conditions in the Ne- 
therlands may be called unfavourable for the necrotic plants. 

Whether the effect of cold treatment is general has not yet been investigated system- 
atically. In the lethal F‚’s it appeared to be essential. 


DISCUSSION 


As concerns the genetic basis of progressive necrosis there remain some fundamental 
problems. 
a. Are two or three complementary factors necessary to bring about progressive 


necrosis ? 
All the segregation ratios in F,’s found so far are 9 necrotic : 7 normal. However 


on the basis of the hypothesis of the two necrosis genes it is difficult to explain what 


has been summarized in figure 15, viz. the “necrosis triangles’”’*) Yeoman Il — 
Nowinka — Prelude (6) and Triticum macha 3 — Mus — Mendel (HERMSEN, unpu- 
blished) and furthermore the behaviour of varieties like caesium O111 and Chinese 166. 

From the gametal genotypes given in fig. 15 it is apparent that an explanation on 
the basis of three complementary necrosis genes presents no difficulties. 

The segregation ratios in the F, of caesium O111 x Yeoman HI and of Trit. macha 
3 x Chinese 166 have not yet been established. If indeed a ratio 27 necrotic : 37 
normal were found this would support the hypothesis of three complementary factors 
of progressive necrosis. 

So long as no more evidence has been obtained in support of the hypothesis of 
three complementary necrosis genes, the assumption of two complementary genes 
(A and B) remains the most practical working hypothesis. 


1) By a necrosis triangle is understood a set of three varieties which in all three possible com- 
binations produce necrotic F‚’s (4). 
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Yeoman 11 Nowinka Tr. macha 3 Mus 
aBC AbC AbC ABc 
Ne Ne 
Ne Ne Gr Ne Ne Gr 
Gr Gr 
ABc Abc aBC aBc 
Prelude caesium O1 11 Mendel Chinese 166 


Fig. 15. MODELS TO EXPLAIN THE NECROSIS TRIANGLES YEOMAN II — NOWINKA — PRELUDE AND 7rit. 
macha 3 — MUS — MENDEL AND THE BEHAVIOUR OF THE VARIETIES caesium Ol 11(6) AND CHINESE 
166. 


On the angular points are given the gametal genotypes based on the hypothesis of 3 com- 
plementary necrosis genes. 
Ne = necrotic F,, Gr = green (—= normal) F,. 


b. A second problem is the question whether the major differences between the 
F‚-groups are caused by friplicate necrosis genes (three different loci of the genes 
A and B) or by multiple alleles of the necrosis genes (one locus of 4 and one of B). 

By tests of allelism (e.g. by crossing the F, of Panter X Marquillo with an aaBB 
variety) or by localizing the necrosis genes of a variety from each of the F‚-groups 
it is possible to decide this alternative in favour of one of these two hypotheses. So 
far only the gene As of Prelude (Koga-group) and the gene B3 (or B) of Kharkov have 
been localized on chromosome V and chromosome XIII respectively (16), presumably 
both of them belonging to the B-genome (10, 11, 15). SACHS (13) on the basis of his 
Triticum macha-crosses came to the conclusion that a necrosis gene should be present 
in Aegilops squarrosa which possesses the genome D. 

By involving a large number of different varieties the F‚’s investigated could be 
divided into groups with clearly different degrees of necrosis, viz. three clearly distinct 
groups, each group with another 4-gene (or A-allele) and in addition three less distinct 
groups, each group with another B-gene (or B-allele). See fig. 2a. These clear inter- 
group-differences were not found or were less distinctly found by other research 
workers because their material was too restricted or too little diversified. 

For instance CALDWELL and COMPTON (1), HEYNE, WIEBE and PAINTER (5), HEBERT 
and MIDDLETON (2), had the disposal only of the gene A3 of the Marquillo-group 
and consequently established a “‘constancy of lethality”’. 

KOSTYUCHENKO (6) and SCHMALZ (14) in their material only had the gene A; of the 
Koga-group and therefore only found minor differences between their AAbb-varieties. 
In their aaBB-varieties however, they could show a greater variability because in 
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sublethal F‚’s a variation upwards (to normal) and downwards (to lethal) can occur 
_ without difficulty in contradistinction to the findings in lethal F,’s in which the varia- 
tion downwards is only possible to a limited degree and in the weakly necrotic F‚’s 
with the A-gene of the Panter-group in which the variation upwards is only possible 
to a limited degree (See figs. 2a and 2b). In this way it can be explained why ScHMALZ 
was able to find indications for the presence of 2 not very different A-alleles and 3 
more different B-alleles (fig. 2b). 

So far nearly all investigators have ascribed the differences between necrotic F‚’s 
to multiple allelism or to different genetic backgrounds (3, 6, 13, 14). 

The finding of 3 qualitatively equal but quantitatively different forms both of the 
A- and the B-gene suggested a relation with the 3 wheat genomes and induced us to 
ascribe the inter-group differences to triplicate necrosis genes which might be localized 
on corresponding loci of homoeologous chromosomes. 

c. A third problem is whether the minor (intra-group) differences between F‚’s are 
caused by different genetic backgrounds or by multiple allelism of the necrosis genes or 
by both. 

Although it is possible to arrange trials such that an approach can be made to the 
solution of this problem, we are of the opinion that it is very difficult to establish 
with certainty the genetic cause of the intra-group differences. It is not probable 
that only multiple allelism is involved considering the indications obtained on the 
influence of minor genes on the degree of necrosis. 

d. Evidence for the existence of a dosage effect of the necrosis genes is presented 
in section 9. 

The most conspicuous consequence of this dosage effect is the wide variability in 
the group of necrotic plants within each F,. This wide variability has been established 
by various research-workers (3, 6, 13, 14), while SCHMALZ (14) already mentioned a 
dosage effect as a possible cause on the basis of the segregation ratios he found in the 
F.’s derived from Garnet x Svalöf 0987 (cf section 9b). 

There need not be any doubt of the existence of a dosage effect of the necrosis 
genes. The way in which and the degree to which it becomes manifest is dependent 


1. on the nature of the cross (cf Koga x x H 11 with Koga x x Heine 476 in this 
publication, section 8c). 

2. on the character which is chosen to establish the degree of necrosis (section 3). 

3. on the influence of modifiers which seem to be able to disturb the division in pheno- 
type classes in the segregating populations (section 10). 

4, on the environmental conditions. 

e. The hypothesis of an influence of minor genes on the degree of necrosis is sup- 
ported by insufficient data. A discussion is given in section 6 and 10. The data available 
suggest a modifying effect of minor genes on the basic pattern which is brought about 
by the triplicate necrosis genes (or by multiple alleles) and the dosage effect. 


The following theory about the genetic basis of progressive necrosis seems most 
acceptable: 

Progressive necrosis as such is determined by two (or three) complementary factors. 

Of each necrosis gene three qualitatively equal but quantitatively different types oecur 
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causing the wide and discontinuous variation in degree of necrosis of different Fis ( fig: 
2a). These three types are either triplicate genes or multiple alleles. 

The discontinuous variation of the F‚s may be somewhat faded by the influence of 
different genetic backgrounds and (or) multiple allelism of the necrosis genes. 

A gene dosage effect causes the wide and mostly discontinuous variation in degree 
of necrosis within the group of necrotic plants of each segregating population. 

This discontinuity may be faded in different degrees by the influence of segregating 
minor genes. 

Like all quantitative characters the degree of necrosis also is affected by the environ- 
mental conditions. 
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SAMENVATTING 
Quantitatieve onderzoekingen van verdorringsverschijnselen in tarwebastaarden 


De resultaten van quantitatieve onderzoekingen aan 3-4 generaties van verschil- 
lende necrotische tarwebastaarden. worden besproken. 

Progressieve necrose (erfelijke verdorring) komt tot stand door de samenwerking 
van 2 (of 3) complementaire genen, A en B (en C) genoemd. 

De onderzochte necrotische F‚’s variëerden van letaal tot ongeveer normaal af- 
hankelijk van de aard der ouderrassen. Deze grote variatie bleek discontinu te zijn. 
Hierdoor was het mogelijk om zowel de AAbb- als de aaBB-rassen in te delen in 3 
onderscheiden groepen op grond van de necrosisgraad die zij teweegbrengen in de 
F‚’s met bepaalde complementaire rassen. 

Deze grote groepsverschillen worden toegeschreven aan het bestaan van 3 vormen 
van de necrosisgenen nl. A;, As, Az en B, B, Bj. Er is reden om te verwachten, dat 
elk van deze 3 genen in een ander tarwegenoom is gelocaliseerd. Het is ook mogelijk 
de grote verschillen tussen de groepen te verklaren met behulp van multiple allelie 
van de necrosis genen. 

Binnen elke groep komen kleinere, doch erfelijke verschillen voor. Deze kunnen het 
gevolg zijn van verschillende genetische achtergronden en (of) van multiple allelie 
van necrosis genen. 

De volgende waarnemingen demonstreerden het effect van de gendosering op de 
necrosisgraad: 

1. De gemiddelde verdorringsgraad van de F’s was steeds significant sterker dan 
die van de F‚’s, mogelijk als gevolg van het hogere percentage dominante necrosis- 
allelen in de verdorde F‚-planten (66/3 % tegen 50% in de F‚). Verder bleek, dat de 
F‚-planten zowel phenotypisch als genotypisch overeenkwamen met die verdorrende 
F‚-planten, welke de zwakste verdorringssymptomen vertoonden. Daar de F‚-planten 
het kleinste aantal dominante allelen bezitten, lag het voor de hand om te verwachten, 
dat ook de Fs-planten met de zwakste verdorringsverschijnselen het kleinste aantal 
dominante allelen zouden bezitten. Dit werd bevestigd door de splitsingsverhoudingen 
in de F’s. 
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2. Alle onderzochte F,’s waren splitsende populaties. De verdorrende F‚-planten, 
die homozygoot dominant zijn voor alle necrosisgenen en dus het maximum aantal 
allelen van de necrosisgenen bezitten, leverden geen zaad en waren dus letaal. 

3. In vele F-, F- en Fy-populaties konden klassen voor stengel- en aarlengte wor- 
den onderscheiden met klasse-frequenties, die betrouwbaar overeenstemden met de 
frequenties van de verschillende genotypen in deze populaties. Uit de splitsingsver- 
houdingen in de nakomelingschappen der individuen, afkomstig van verschillende 
klassen, is gebleken, dat de phenotypische classificatie inderdaad individuen met het- 
zelfde genotype voor necrosis bij elkaar heeft gebracht. 

Het bestaan van modificerende genen werd aannemelijk gemaakt: 


Ll. doordat duidelijke verschillen in necrosisgraad optraden in de F‚ van Minister 
XX Riebesel, ofschoon alle F‚-planten een splitsende F, leverden. 

2. doordat in sommige splitsende populaties een phenotypische klasse-indeling niet 
of nauwelijks waarneembaar was (vervaging der klassegrenzen door modificerende 
genen), terwijl in elke volgende generatie het percentage classificeerbare populaties 
bleek toe te nemen (homozygotisering der modificerende genen). 

De invloed van het milieu is aangetoond voor enige kunstmatig opgekweekte F‚’s. 
Zaad werd verkregen van enige onder normale omstandigheden letale F‚’s. De na- 
tuurlijke omstandigheden in Nederland mogen voor de necrotische planten ongunstig 
worden genoemd. 

Aan het eind van de discussie is een samenvattende theorie gegeven omtrent de 
genetische basis van progressieve necrosis. 
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REVIEWS OF BOOKS 


PEDERSEN, AXEL, Landbrugets Plantekultur. I. Kebenhavn. 1960, 380 pp., 85 
figures. (Udgivet af Den Kgl. Veterinaer-og Landbohojskole). 


__The 3rd edition of the first part of PEDERSEN’s Handbook of Field Crop Husbandry 

(in Danish) has appeared. The book deals with: the origin of agricultural crops, 
flower biology and reproduction, plant breeding (objectives, history, hereditary basis, 
breeding methods), research of varieties (of cereals, potatoes, fodder crops and 
grasses), maintenance, seed research, sowing procedures, mixed cultures and crop 
rotation. 

In the chapter on plant breeding also attention is given to the history of breeding 
work in Denmark. 

À glossary of terms on agricultural crops in 5 languages has been included as ap- 
pendix. 


Proceedings of the First International Wheat Genetics Symposium. Compiled 
by B. C. JENKINS. Univ. of Manitoba, Winnipeg, Canada. 1959, 268 pp. Price $ 5 —. 
(To be ordered from ProrF. B. CH. JENKINS). 


On August 11lth-15th, 1958, the First Intern. Wheat Symposium was held at the 
Univ. of Manitoba, Winnipeg, Canada. The contents of the proceedings is as follows: 


Genetics and plant breeding 
F. N. Briggs (U.S.A), Backerossing—lts development and present application. 
N. E. BORLAUG (Mexico), The use of multilineal or composite varieties to control 
airborne epidemic diseases of self-pollinated crop plants. 
E. R. AusEMUS (U.S.A), Discussion of methods and procedures in wheat breeding. 
D. R. Knorr (Canada), The inheritance of stem rust resistance in wheat. 
A. R. DA SiLvA (Brazil), The integration of wheat breeding and rust identification. 
R. DE VILMORIN (France), Wheat breeding in France— Problems and methods. 
H. C. THORPE (Kenya), Wheat breeding in Kenya. 


Mutations 
R. S. CALDECOTT (U.S.A), The experimental control of the mutation process. 
J. MACKeY (Sweden), Mutagenic response in Triticum at different levels of ploidy. 
S. MATSUMURA (Japan), Radiation genetics in wheat. 


Genetic stocks 
J. B. HARRINGTON (Italy), The FAO World Catalogue of genetic stocks of wheat in 


operation. 

A. T. Pugsrey (Australia), The preservation of world genetic stocks. 

L.P. Rerrz and D. J. WARD (U.S.A), The U.S.D.A. world collection of wheat varie- 
ties and strains of interest to geneticists. 


Polyploidy and aneuploidy 
R. Rirey and G. D. H. Betr (England), The evaluation of synthetic species. 
E. SANCHEZ-MONGE (Spain), Hexaploid Triticale. 
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H. GAuL (Germany), A critical survey of genome analysis. 

M. M. JAKUBZINER (U.S.S.R.), New wheat species. 

E. R. SEARS (U.S.A), The aneuploids of common wheat. 

J. UNRAU (Canada), Survey of work with monosomics in Canada. 

L. H. SHEBESKI (Canada), Speculations on the impact of the D genome. 


Special lecture 
H. KiHARA (Japan), Japanese expedition to the Hindukush. 


West African Cotton Research Conference (18th to 23rd November 1957). 
Ministry of Agriculture, Samaru (Zaria, Northern Nigeria). 1959, 209 pp. 


This conference on cotton research, held at the Regional Research Station, Ministry 
of Agriculture, Samaru, Northern Nigeria, was attended by delegates from French, 
Belgian and Portuguese colonial territories and by representatives of Ghana, Nigeria 
and the Empire Cotton Grown Corporation in East Africa. The proceedings contain 
a report of the discussions and in 33 appendices the full texts of the papers presented. 
Many of these treated breeding, selection, seed multiplication or seed distribution. 
The following papers are of interest for plant breeders. 

W. Wourers (Belgian Congo), La sélection cotonnière au Congo Belge. p. 76-87. 

J. GUTKNECHT (Tchad, French Equatorial Africa), Apergu sur la sélection de variëtés 
de coton au Tchad. p. 88-97. 

H. E. King and D. A. LAwes (Nigeria), Breeding systems used for cotton at Samaru. 
p. 98-103. 

H. E. King and B. J. S. Lee (Nigeria), Genetic differences in vitality of cotton plants 
cut back at the end of a season. p. 104. 

H. B. King (Nigeria), A note on the design and analysis of replicated progeny row 
tests. p. 105-106. 

M. H. ARNOLD (Tanganyika), Resistance to bacterial blight (Xanthomonas malva- 
cearum) in Lake Province Local” cotton. pp. 159-165. 

W. Wouters (Belgian Congo), Méthode de multiplication des semences au Congo 
Belge. p. 144-148. 

H. E. King (Nigeria), Cotton seed multiplication in Northern Nigeria. pp. 149-151. 

R. MARTY and J. BAURENS (French Equatorial Africa), Sur l'obtention d’un bon coef- 
ficient de multiplication en grande culture à la Station de Grimari. pp. 153-158. 
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IN MEMORIAM R. J. DE VROOME (1876-1960) 


Mr. R. J. pr VROOME, Companion of the Order of Oranje-Nassau, Nestor of the 
Dutch potato breeders, passed away on February 15th 1960. 

He started breeding on his farm at Bovensmilde (Prov. of Drenthe) about 1910, 
preparing himself to develop a new potato variety to replace Paul Kruger (President) 
which was generally grown at that time but displayed serious symptoms of disease 
(which we would now call leafroll). He selected particularly plants with large tubers 
and few but firm stems. He used his variety Trenctria (obtained from a cross between 
de Wet x Wilson) for new crosses, among others with Energie, in 1925. From one of 
these crosses he developed Record which was placed on the List in 1932 and un- 
doubtedly was the most important variety of DE VROOME. The profits gained from this 
variety have contributed much to his care-free old age. 

In 1959 some 9,400 ha Record were grown in the Netherlands while 2,227 ha were 
submitted for inspection as seed potatoes in that year. 

The variety Record has been much involved in breeding work. Some 20 varieties 
directly derived from Record were placed on the List while among the young seedlings 
of potato breeders in the Netherlands many carry “Record-blood”’. 

On a Potato Breeders’ remmen 
Day in December 1950 held | 
at Assen (prov. of Drenthe) 
DE VROOME talked about 
his 40-year experience as a 
potato breeder. 

He died in harnass; in the 
last years of his life he still 
cherished the hope to be 
able to develop a substitute 
for Bintje. 

De VROOME has done im- 
portant breeding work with 
simple means and was in- 
spired through the love of 
his work. 


R. J. DE VROOME f 
1876-1960 
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ERRATUM 


… In the article of H. DE HAAN on Old and new books dealing with general plant 
breeding in Euphytica 8 (1959) p. 252-259 a correction should be made on page 258. 
In fig. 3 the caption under the photograph of Prof. Dr. J. M. POEHLMAN is incorrect 
and should be: 
Professor of Field Crops, University of Missouri, Columbia, U.S.A. 
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